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ABSTRACT 
Although reform measures in science education have been promoted for over a 
decade, teachers' instruction in the K-8 science classroom remains unaligned with the 
principles of reformed teaching outlined in the national standards. K -8 teachers continue 
to rely on traditional teaching methods such as teacher telling, worksheets and 
memorization that are ineffective in developing student's ability to reason scientifically. 
These findings support the notion that change is needed in how professional development 
programs prepare K-8 teachers to implement reform based measures in the science 
classroom. 
Professional development designers have proposed an alternative model that 
actively immerses teachers in learning experiences that reflect how they are expected to 
teach science in the classroom. This study sought to understand the impact of an 
immersive professional development program on 27 K-8 teachers planning and 
implementation of reform based science lesson plans in the classroom. 
A mixed methods design involving quantitative and qualitative data was used to 
Vl 
address the research questions. The quantitative data examined changes in teachers ' 
writing of reformed science lesson plans and efficacy for teaching science. The 
qualitative data provided insight into a select group of teachers' implementation of 
reform-based teaching in the classroom and understanding of how the key imrnersive 
design elements influenced their knowledge of science and scientific processes. 
The study findings indicated that the immersive professional development 
program had a significant impact on teachers' ability to plan and implement reform based 
science lessons for use in the classroom. Significant gains were found in teachers ' ability 
to write student-centered science lessons that focused on the procedural aspects of an 
inquiry investigation. Significant gains were also found in teachers ' abilities to write 
reform-oriented lessons that engaged students in processes of scientific thinking 
associated with inquiry. However, teachers ' ability to write lesson that engages students 
in critical thinking remained a weakness. Further, the study fmdings revealed that the 
imrnersive professional development had a significant impact on teacher self-efficacy for 
science, which may have influenced their willingness to implement reform based 
instructional methods in the classroom. 
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Glossary of Terms 
Immersive Professional Development Program- is grounded In an alternative 
professional design model introduced by Loucks-Horsley et al. (2003). The basic premise 
behind the immersive professional development design model is that teachers benefit 
from experiencing, firsthand, science content and processes. The idea is that by becoming 
a learner of the content, teachers broaden their own understanding and knowledge of the 
content that they are addressing with their students. Furthermore, by "putting the 
principles of science teaching into practice and experiencing the processes for 
themselves-teachers are better prepared to implement the practices in their classrooms" 
Loucks-Horsley et al. , 2003 (p. 195). 
Reform Based Teaching- According to Sawada et al. , (2002) reform based teaching is an 
instructional method that emphasizes conceptual understanding of science, that connects 
students ' prior knowledge to new experiences through active inquiry based learning, and 
is socially constructed and student centered. 
Principles of Reformed Teaching- Are outlined in the Reformed Teaching Observation 
Protocol (RTOP) manual ACEPT Technical Report IN00-3 (Sawada et al., 2002). These 
principles are outlined irt Chapter 2 and provided a framework for reform-based teaching 
in this study. 
XV 
Reformed Teaching Lesson Plan Instrument (RTLPI)- is an eight-item assessment 
instrument specifically designed to score lesson plans collected during the Immersion 
Program for in-service K-8 teachers offered at Boston University. The RTLPI is based on 
a select subset ofRTOP items that through factor analysis correlated highly with inquiry 
orientation (Sawada et al. , 2002) and could be scored from a lesson plan. 
Reformed Teaching Lesson Plan Instrument Scoring Rubric- The RTLPI scoring rubric 
was design specifically for analyzing lesson plans collected during the Immersion 
Program. It was designed specifically be used with the RTLPI. 
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CHAPTER 1: INTRODUCTION 
Despite a plethora of national science reforms, traditional forms of science 
teaching have remained the norm in most K -12 classrooms 1• The Next Generation 
Science Standards (NGSS) (NRC, 2013) seek to revitalize science education and address 
the national goal of preparing U.S. students to be well-informed citizens, prepared for 
college and careers, and understanding and appreciative ofthe scientific enterprise. To 
meet these goals attention must be refocused on improving teaching in the classroom, 
specifically on high quality professional development programs2 that support change in 
teachers practice and result in meaningful gains in student performance. 
However, many teachers continue to teach in the K-8 classroom with science 
knowledge that is insufficient to engage students in scientific inquiry (Banilower, Heck & 
Weiss, 2007). This discrepancy in the K-8 classroom challenges professional 
development experts to create effective high quality programs that can address the 
specific needs ofK-8 teachers in science (Darling-Hammond, 2004; Loucks-Horsley, 
Hewson, Love & Stiles, 2003; McLaughlin, 2011). 
1 Reported in National reform documents: Project 2061: Benchmarks for Science Literacy 
(AAAS), 1993; Scope and Sequence Project (NST A), 1993); and the National Science Education 
Standards (NSES) (NRC, 1996). 
2 High Quality Professional Development in Science Education: Banilower, et al., 2007; Garet et 
al., 2001; Supovitz & Turner 2000; Weiss et al., 2003. 
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Statement of Problem and Rationale 
According to national statistics there has been little improvement in K-8 students' 
literacy in science "U.S. students' performance in science on international comparative 
studies has remained stagnant and is below that of many of the nation' s economic 
competitors" (NRC, 2010, p.127). The NRC (2010) report is based on statistical 
information presented in the Third Trends in International Mathematics and Science 
Study (TIMSS) (2007). In the TIMSS (2007) report, 4th and 8th grade science 
achievement ratings were compared to prior same grade science achievement ratings 
presented in the TIMSS (1995) report. The comparison of 4th and gth grade science scores 
revealed no improvement in ratings after twelve years of theoretical reform in science 
education. In addition, the National Center for Educational Statistics (2007) reported a 
decline in the ratings of 4th and gth grade students at or above the advanced level in 
science (NRC, 2010). These examples highlight the lack of improvement in U.S. 
students' performance in science and underscore the need for significant change in how 
in-service K-8 teachers teach science in the classroom. 
The origins for this research springs from the need to find a means to improve K-8 
teachers' knowledge of science content and processes, and through them improve the 
performance of students in the U.S. in science3• 
According to the National Research Council, "current reform requires a 
substantive change in how science is taught. Implicit in this reform is an equally 
substantive change in professional development of teachers" (NRC, 1996). Whlle the 
3 Improving student performance in the classroom: Banilower et al., 2007; Cohen & Hill , 2000; 
Kennedy, 1999. 
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literature is clear on the need for K -8 teachers to shift their instruction towards reform 
based methods in the classroom, questions remain as to how to design effective 
professional development programs that will support teachers' planning and 
implementation of reform based science lessons in the classroom. Loucks-Horsley et al., 
(2003) argue that for a professional development program to be successful in shifting 
teachers' instruction in the classroom . 
"teachers need opportunities for professional growth-ones in which they learn 
what they need to know to achieve this new vision, in ways that model how they 
can work with their students" (p. 14). 
Loucks-Horsley et al., (2003) posit that many in-service teachers find teaching science 
challenging because reform initiatives were established after they completed college. 
Thus, many currently employed K-8 teachers entered into the classroom having 
experienced science lessons that included primarily memorizing science content and 
recalling information from texts. 
Statistical evidence supports the plausibility of this premise. In the Greater Boston 
area, 54% of in-service teachers in 2010 were reported to be over 41 years old 
(Massachusetts Department ofElementary and Secondary Education [MDESE], 2011) 
and, therefore, it is unlikely that they were exposed to reformed teaching methods, as 
students, in their science classrooms. Loucks-Horsley et al. (2003) proposes that teachers 
taught in a didactic manner develop traditional views about teaching because of their 
personal learning experiences. 
She further argues that teachers ' naive conceptions about science instruction 
causes them to believe that traditional didactic instruction is the most effective method 
4 
for te.aching science in the classroom. This is problematic for initiating change in the 
classroom as teachers' misconceptions about best teaching practices have been found to 
cause resistance in their willingness to change instructional methods in the classroom 
(Roehrig & Kruse, 2005; Yerrick, Parke & Nugent, 1997). Educational research from 
supports this argument finding that teachers tend to teach as they were taught 
(Blumenfeld et al., 1991; Windschitl, 2002). 
· Loucks-Horsley et al. (2003) further argue that many K-8 teachers have never had 
the investigative learning experiences associated with working in a laboratory and "this 
situation perpetuates certain myths about the nature of science" (p. 198). This argument is 
supported by research reports that teachers often hold na'ive understanding of the 
processes that are intrinsic to teaching and learning science (Lederman, 1992; Pomeroy, 
1993; Windschitl, 2002). "Many believe in a universal stepwise procedure The Scientific 
Method for doing science, thus dismissing the creative and imaginative nature of the 
scientific endeavor" (Abd-El-Khalick & BouJaoude, 1997; Lederman, 1992) as cited in 
Windschitl, 2002 (p.115). Lederman (1992) and Windschitl (2002) argue that teacher's 
na'ive understandings are conveyed in the classroom and promote student misconceptions 
about the processes of science. 
Self-efficacy beliefs about teaching science also influence teacher's willingness to 
change how they teach (Crawford, 2007; Davis, Petish & Smithey, 2006; Wallace and 
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Kang, 2004;). Davis et al. (2006) support a connection between teachers' self-efficacy 
and reform-based teaching in the classroom4 stating, 
teachers with higher self-efficacy engage students in more student-centered 
lessons, believe that students are capable of learning through cooperation and 
experiences, and develop more as science teachers (p. 631 ). 
Specifically, research findings suggest the need for K-8 professional development 
programs to address teachers' self-efficacy beliefs for teaching science (Crawford, 2007; 
Keys & Bryan, 2001; Lotter et al., 2007). 
Loucks-Horsley et al. (2003) proposed reasons for the underperformance ofK-8 
teachers in the science classroom highlight the need for designing alternative professional 
development programs that meet the specific needs of "traditional" teachers. The 
immersive professional development design model holds promise because it 
acknowledges K-8 teachers weaknesses in science content and pedagogy and structures a 
program that provides opportunities for teachers to learn science in ways that they are 
expected to teach their students. The underlying logic is to teach teachers to put the 
reformed principles of science teaching and learning into practice by experiencing the 
processes for themselves. The immersion program presented in this study is based on the 
key immersive design elements (KIDE) outlined by Loucks-Horsley et al. (2003) and 
designed to meet the high quality professional development standards established by 
educational researchers. 5 
4 Linking teacher self-efficacy and willingness to implement reformed teaching: Lotter, Harwood 
& Bonner al., 2007; Roehrig & Kruse, 2005; Yerrick, Parke and Nugent, 1997. 
5 Banilower, et al. , 2007; Garet et al. , 2001; Supovitz & Turner 2000; Weiss et al. , 2003 
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There is a gap in the science education research related to immersive professional 
development programs for K-8 teachers. The impact ofthe key immersive design 
elements on teachers ' implementation of reformed measures in the classroom has not 
been extensively studied but the findings to date are optimistic6. This thesis addresses this 
gap in the research literature. 
Significance of the Study 
This study addresses the concern that instructional methods used to teach science 
in today' s K-8 classrooms do not reflect the reform instruction practices outlined in the 
National Science Education Standards (NRC, 1996). This study is significant because 
few research studies have measured the impact of an immersive professional 
development program on K-8 teachers ability to plan and implement reform based 
science lessons in their classrooms. 
Pilot research findings on the immersive professional development program 
reported modest but significant gains in participants' content knowledge as measured 
using standardized concept evaluations (Nolan et al. , 2009), significant content 
knowledge gains as measured using conversational interviews and concept mapping 
(Allen et al. , 2013), qualitative gains in participants' knowledge of inquiry processes 
(Nolan et al. , 2010), significant quantitative gains in participants knowledge of the nature 
of science using the SUSSI (Nolan et al. , 2009, 2010), and quantitative gains in self-
efficacy for teaching science using the STEBI-A (Nolan et al. , 2009, 2010, 2011). In 
addition case study reports from seven teachers suggested that lesson plans were good 
6 Other immersive professional development programs: Constable et al. , 2007; Grigg et al., 2013 ; 
Jeanpierre et al. , 2005 
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predictors of their instructional practice in the classroom (Nolan et al., 2012). The prior 
research findings are outlined in Table 1 and served as the impetus for this study. 
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Table 1 Pnor Research Findings of the Immers1ve ProfessiOnal Deve opment Program 
NARST Conference Quantitative Qualitative 
Modest but significant 
quantitative gains in teachers 
2009 NARST Annual science content knowledge 
International Conference 
Garden Grove, CA. 
(poster session) 
2010 N ARST Annual 
International Conference 
Philadelphia, P A. 
(paper presentation) 
2011 NARST Annual 
International Conference 
Orlando, FL. 
(poster session) 
2012 NARST Annual 
International Conference 
Indianapolis, IN. 
STEBI-A (PSTE subset) 
Significant gains in teacher 
self-efficacy for science 
p< 0.01 (n=16) 
STEBI-A (PSTE subset) 
Significant gains in teacher 
self-efficacy 
p< 0.001 (N=39) 
ISIS Significant gains in 
teachers use of inquiry in the 
classroom p< 0.01 (n=21) 
SUSSI Significant gains in 
teachers understanding of the 
nature of science 
STEBI-A (PSTE subset) 
Significant gains in teacher 
self-efficacy p< 0.05 (n=35) 
Significant gains in inquiry 
orientation p< 0.01 (n=12) 
Correlations 
STEBI-A pre with LP post 
0.567 p= 0.07 
STEBI-A post with LP post 
0.552 p=0.06 
Correlation: RTLPI and 
RTOP 25 score= .96 
Correlation: RTLPI and 
RTOP 8 score = .94 
Purpose 
Qualitative Data: Case study 
(n=10) 
Increase in teachers 
understanding of inquiry 
methods 
Increase in self- confidence to 
implement inquiry in the 
classroom 
Strong self-reported gains in 
science content know ledge 
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The purpose of this study is to examine the impact of an immersive professional 
development program on K-8 teachers ability to write and implement reform based 
science lesson plans in the classroom. The study investigates the impact of the immersive 
program on teachers' self-efficacy for teaching science in the classroom. Finally, case 
studies examine how the key immersive design elements (KIDE) influence their lesson 
plans and execution of these plans in their classrooms. 
Research Questions 
1. What impact did an immersive professional development program have on teachers' 
ability to write reform-based science lesson plans for use in their classrooms? 
1.1 Is there an association between teachers ' written lesson plan scores and 
teacher status as an elementary or middle schoolteacher? 
1.2 Is there an association between years of teaching and teachers' ability to write 
reform-based science lesson plans? 
1.3 Is there an association between teachers' written lesson plan scores and the 
number of science courses taken at the undergraduate level? 
2. What impact did an immersive professional development program have on teachers' 
implementation of reform-based teaching practices in the classroom? 
2.1 Is the RTLPI score a good predictor of a teacher's inquiry-oriented 
instructional practice in the classroom? 
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2.2 What principles of reformed teaching did a select group of teachers implement 
in the classroom as a result of attending an immersive professional development 
program? 
3. What impact did an immersive professional development program have on teachers' 
self-efficacy for teaching science? 
3.1 Is there an association between teachers' self-efficacy for science and their 
ability to write reform-based science lesson plans? 
3.2 How did the immersive professional development influence teacher self-
efficacy for science? 
4. How did the key immersive design elements influence a select group ofteachers' 
knowledge of science and scientific processes? 
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CHAPTER 2: LITERATURE REVIEW 
This chapter presents an overview of the current educational research from 1995-
2013 as it relates to the design, implementation and effectiveness of high quality 
professional development courses. Loucks-Horsley et al. ' s (2003) immersive design 
model for professional learning is considered a high quality professional development 
model for improving K-8 teachers' abilities to construct and implement reform-oriented 
lessons. My theoretical framework is based on an inquiry model of teaching (Bybee et al., 
2006; Darling-Hammond L. , 2004; McLaughlin, M., 2011). This review of the literature 
seeks to establish a connection between teachers' self-efficacy beliefs; their instructional 
practice in the classroom and willingness to implement reform-oriented lessons is 
discussed. 
Latest Research on High Quality Professional Development in Science 
Education 
Improving Teachers' Preparedness in the Classroom 
Improving teachers' abilities to teach high quality lessons is key to improving 
student achievement in science. The theory of action behind classroom-based 
intervention begins with high quality professional development programs that improve 
teachers' abilities to plan and implement effective science lessons. The objective of high 
quality professional development is to align teachers ' instructional practices in the 
classroom with the reformed principles of teaching and learning outlined in national 
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standards documents (AAAS, 1989, 1993; NRC, 1996). Professional development 
programs that achieve this goal of reform will be instrumental in providing rigorous 
curriculum to all students and in doing so ensure that they reach high levels of 
achievement in science. 
A theoretical model developed by Supovitz and Turner (2000) represents the 
proposed pathway between professional development and student achievement in the 
classroom. It is represented in Figure 2.1 below. 
Figure 2.1 A theoretical pathway between professional development and student 
achievement in science (Supovitz and Turner, 2000) 
High Quality Professional Use oflnquiry-Based Improved Student 
Development Teaching Practices Achievement 
Defining High Quality Professional Development 
It is well documented in the research literature that improving teachers' 
effectiveness in the science classroom depends on sustained, high quality professional 
development (Banilower et al., 2007; Garet et al., 2001; Loucks-Horsley et al., 2003; 
Penuel et al., 2007; Supovitz & Turner, 2000. For this study, a comprehensive review of 
the literature on professional development programs for science teachers was conducted. 
The goal was to establish a surnmative list of course design features that improve 
teachers' knowledge of science content and the processes that are inherent to reformed 
teaching and learning in the classroom. These course design features defme high quality 
professional development in science programs. 
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Table 2.1 Course Design Features of High C uality Professional Development 
High Quality Professional Development Study 
Focus on deepening teachers' content Constible et al., 2007; Desimone et al., 2002; 
knowledge and skills related to the content Garet et al., 2001; Kennedy, 1999; Loucks-
Horsley et al., 2003; Penuel et al., 2007; 
Supovitz & Turner, 2000 
Providing teachers with opportunities for Banilower et al., 2007; Constible et al. , 2007; 
active learning of new teaching strategies Desimone et al. , 2002; Garet et al., 2001; 
Loucks-Horsley et al., 2003; Penuel et al., 2007 
Providing teachers with opportunities to work Desimone et al. , 2002; Constible et al. , 2007; 
collaboratively Garet et al., 2001; Loucks-Horsley et al., 2003; 
Penueletal.,2007 
Establish a coherent program of teacher Desimone et al., 2002; Garet et al., 2001; 
learning Loucks-Horsley et al. , 2003; Penuel et al., 2007 
Provide teachers with opportunities for (Desimone et al. , 2002; Garet et al., 2001; 
follow-up and feedback Loucks-Horsley et al., 2003 
Provide sufficient time/duration to have Constible et al. , 2007; Desimone et al., 2002; 
positive impact on teachers' knowledge and Garet et al., 2001; Loucks-Horsley et al., 2003; 
instructional practices in the classroom Penuel et al., 2007; Supovitz and Turner, 2000 
Supovitz and Turner (2000), in a large-scale quantitative study initially 
investigated the impact of reform based professional development experiences on K-8 
teachers' use of inquiry-based practices in the classroom. This National Science 
Foundation initiative, the Local Systemic Change (LSC) through Teacher Enhancement 
program, ran an extensive cross-sectional analysis of self-report data from 3,464 K-8 
teachers and 666 principals in 666 schools nationwide7• Supovitz and Turner (2000) 
reported content preparedness as the most powerful predictor of teachers' use of 
reforming teaching. The second predictor they reported was the duration time of the 
professional development. In conclusion, they recommended professional development 
for teachers that include content intensive learning opportunities combined with a 
7 Data analysis involved a series of hierarchical linear models (HLM) to determine the 
relationship between PD and reform indicators. 
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minimum of 80 contact hours. The 80 contact hours they argued is necessary for teachers 
to make significant reform oriented changes in their teaching practices in the classroom. 
Banilower, Heck, & Weiss (2007) in a large scale longitudinal study, also 
involving the LSC initiative, investigated the impact of a high quality professional 
development program on participating teachers ' attitudes, perceptions of preparedness, 
and teaching practices in the classroom. The study included over 18,000 teachers in 42 
LSC professional development programs offered over seven years8. 
Banilower et al.' s (2007) finding showed that participation in the high quality 
LSC professional development programs improved teachers' 1) attitude towards reform-
based instruction, 2) their science content knowledge, 3) their pedagogical preparedness, 
and 4) increased their use of reformed teaching practices. Banilower et al. (2007) argued 
that teachers' attitudes towards reformed instruction and their perceptions regarding 
science content knowledge are important predictors of their instructional practices in the 
classroom. 
Garet et al. (2001) in a national study involving 1,027 mathematics and science 
teachers also examined the impact of select features of high quality professional 
development on change in teachers ' practice. They reported three core features of 
professional development as having a significant impact on teachers ' self-reported 
content knowledge, teaching skills and change in their classroom practice. These 
included: (1) a focus on content knowledge; (2) opportunities for active learning with 
8 Similar to earlier LSC PD programs, the courses were designed to prepare teachers to 
implement reform based science instruction in their classrooms. 
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colleagues; (3) and coherence with other learning activities. Garet et al. (2001) reported: 
"the duration-time span and contact hours exert a substantial influence on the core 
features of professional development experiences" (p. 930) and recommended sustained 
and intensive professional development as a means to improve teachers ' knowledge and 
instructional abilities in the classroom. 
Penuel, Fishman, Yamaguchi, & Gallagher (2007) built upon the work of prior 
large-scale studies (Garet el al., 2001; Supovitz & Turner, 2000) to determine how 
professional development influences teachers' knowledge and practice. They 
incorporated the core features of high quality professional development recommended by 
Garet et al. (2001) and contact time guidelines from Supovitz and Turner (2000) into 
their professional design model. The professional development features in their study 
included: improving teacher content knowledge, providing active learning opportunities 
with colleagues and 80 hrs minimal contact time with participating teachers9. Penuel et 
al. (2007) concluded: "the emerging research on what makes for effective professional 
development in science education considered broadly does provide a useful framework 
for examining what makes professional development effective" (p. 951 ). 
Research on the Immersion Professional Development Model 
Addressing the Challenge 
There is little dispute in the research that high quality professional development 
programs are vital to improving teachers' knowledge of reform based teaching and 
student learning (Darling-Hammond, 2004). More specifically the educational research 
9 Confirming reports of Garet et al. (200 1) and Supovitz and Turner (2000). 
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literature tells us that little has changed in how teachers teach science in the K-8 
classroom (Fulp, 2002; Wee, Shepardson, Fast & Harbor, 2007; Weiss et al., 2003). 
Science education reformers posit that K-8 teachers need access to high quality 
professional development programs where they can experience the kinds of reform-
oriented learning activities that they are expected to do with their students (Darling-
Hammond, 2004; Loucks-Horsley et al., 2003; McLaughlin, 2011). 
Loucks-Horsley et al. (2003) argue that lessons that are student focused and 
inquiry based are often challenging for teachers to implement in the classroom. The 
reason for this, they argue, is that learning science through inquiry is very different from 
how teachers learned science as students. Educational statistics supports this view 
reporting that 52% ofMassachusetts's in-service teachers in 2010 were over 40 years old 
(Massachusetts Department ofElementary and Secondary Education [Mass DOE], 2011). 
This statistic suggests that a large percentage of current Massachusetts ' s teachers were 
taught science in fact-based didactic classrooms. Loucks-Horsley et al. (2003) argue that 
this traditional fact based learning experience provided a powerful model for teachers' 
beliefs about how to teach an effective science lesson. Research findings support this 
view, reporting that teachers who hold more transmission-oriented views of science are 
resistant to introducing reform-based lessons into their curriculum (Hashweh 1996; 
Yerrick, Parke & Nugent, 1997). 
Loucks-Horsley et al. (2003) further argue that many K-8 science teachers have 
little or no personal experience with science inquiry and thus hold misconceptions about 
constructing science lessons that are effective in improving students' science knowledge. 
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Educational research findings support this argument, revealing a connection between 
teachers' lack of personal experience in scientific research and their misunderstandings 
about inquiry-based teaching and the nature of science (Lederman, 1992; Pomeroy, 1993; 
Windschitl, 2002). 
Research studies offer evidence to support the benefits of an experiential 
approach to teaching professional development programs for teachers in science. Studies 
have reported that providing teachers with inquiry based opportunities to learn science 
content and processes played an important role in their implementation of inquiry-based 
lessons in the classroom (Lotter, Harwood & Bonner, 2007; Luft, 2001; Roehrig & Luft, 
2004). 
Loucks-Horsley et al. (2003) contend that the key to designing effective 
professional development is to provide teachers with opportunities to experience the kind 
of scientific inquiry that they are expected to implement with their students. Darling-
Hammond and McLaughlin (1995) support this premise arguing that: 
Teachers learn by doing, reading and reflecting Gust as students do); by 
collaborating with other teachers; by looking closely at students and their work; 
and by sharing what they see. To understand deeply, teachers must learn about, 
see, and experience successful learning-centered and learner-centered teaching. 
(p. 598) 
The Immersive Professional Development Design Model Defined by Research 
The immersive design model recognizes that an essential part of student learning 
in science is through their interactions with investigations, laboratory equipment, and 
with their teacher and fellow students. The teacher plays a key role in this learning 
process by guiding students through investigations and discussions that allow them to 
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construct their own knowledge of science in light of the scientific view of the natural 
world. Reformers argue that teachers need similar learning opportunities so that they can 
be competent and confident in designing and implementing science lessons that foster 
students' learning to think like scientists. According to Loucks-Horsley et al. (2003) the 
goal of immersion is 
to experience, firsthand, science content and processes. By becoming a learner of 
the content, teachers broaden their own understanding and knowledge of the 
content that they are addressing with their students. By putting the principles of 
science teaching into practice and experiencing the processes for themselves-
teachers are better prepared to implement the practices in their classrooms. (p. 
195) 
Loucks-Horsley et al. (2003) further suggest that the objective of the immersive design 
model is 
for teachers to learn science content; to learn elements of the research process, 
such as designing experiments, creating models, and collecting, analyzing, and 
synthesizing data; and to develop a broader and increased understanding of the 
scientific approaches to building knowledge and solving problems. (p. 199) 
Table 2.2 The Key Immersion Design Elements (Loucks-Horsley et al. , 2003) 
Key Immersive Design Elements (KIDE) 
1. "Teachers are immersed in an intensive learning experience ... where they participate 
fully in the generation of investigable questions, plan and conduct investigations" 
(p. 195) 
2. "Teachers are immersed in an intensive experience in which they focus on learning 
science and are able to pursue content in depth" (p.195) 
3. "Teachers are engaged in firsthand learning of what they are expected to practice in 
their classrooms-guiding students through 
inquiry-based science" 
(p. 195) 
. [Teachers learn in the ways that they are expected to teach their studentsl 
4. "Teachers ' conceptions about science and teaching change as a result of the experience" 
(p. 195) 
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Recent Immersive Models Used in Science Education 
Immersion in the World of Scientists 
The immersion of teachers into the world of scientists described by Loucks-
Horsley et al. (2003) is dedicated primarily to high school teachers (See Appendix A). 
The key element of this authentic research experiences is to provide teachers with the 
opportunity to work in a laboratory setting as apprentice researchers under the tutelage of 
scientists. The logic is that teachers will learn science content, process, and experience 
the culture of scientific research through these immersive experiences. The objective is 
that teachers will translate this learning experience into an improved pedagogy in the 
classroom. This immersive design model has been successfully implemented with 
teachers at the high school level (9-12). 
The apparent success of the immersion into the world of scientists demonstrates 
the learning value of providing high school teachers with opportunities to conduct 
inquiry-based investigations in a laboratory setting under the tutelage of scientists. 
However, this professional design model is not realistic for K-8 teachers, as they 
frequently do not have the science background necessary to effectively work in a research 
oriented professional development program. 
Research Findings Regarding Immersive Professional Development Programs for K-8 
Teachers 
There is limited published research about the impact of immersion in science 
professional development experiences on K-8 teachers. Research findings on the limited 
number of immersion studies reported in the literature are summarized below. 
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Grigg, Kelly, Gamoran and Borman (2013) in a 3-year large scale study analyzed 
classroom observation data to determine the impact of two inquiry oriented professional 
development programs, Science Immersion and Full Option Science System (FOSS), on 
4th and 5th grade teachers' pedagogy in the classroom. The Science Immersion 
component ofthe study included a total of eleven individual immersion oriented 
professional development courses offered over three years. Each immersion course was 5 
full days in length. The learning objective of the Science Immersion was to improve 
teachers ' science content and procedural knowledge so that they could effectively teach 
inquiry-based lessons. Ninety-six teachers from 40 selected schools attended an 
immersion course and 357 post treatment classroom observations were made. 
Raters were trained to code lessons according to the teachers/students use of the 
five essential features of scientific inquiry outlined in the NSES (NRC, 1996). Based on 
classroom observations 84% of the classrooms taught by Science Immersion teachers 
showed features of inquiry as opposed to 67% of teachers in untreated classrooms. The 
greatest change occurred in the 1st teaching year after treatment. In the Science 
Immersion classrooms significant change was reported in three ofthe five essential 
feature of inquiry. 
Inquiry Features Observed and Not Observed (Grigg et al., 2013). 
Inquiry Features Observed Inquiry Features Not Observed 
students asked scientific questions (62%); students did not connect their explanations to 
scientific knowledge (15%) 
students gave priority to evidence to answer students did not communicate or justify their 
questions (61%); explanations (9%) 
students formulated explanations from 
evidence ( 41% ). 
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Grigg et al. (2013) concluded that overall the immersive experience improved 4th 
and 5th grade teachers' observed use of inquiry in the classroom. Researchers explained 
that the immersion teachers were more frequently exposed to Features 1, 2, and 3 during 
the professional development course. They further suggested that this difference may 
have contributed to teachers' weak performance in inquiry Features 4 and 5 in the 
classroom. They further posit that the impact demonstrated by changes in teachers' 
classroom lessons corresponded to the emphasis placed on it during the professional 
development. 
The Grigg et al. (2013) report is significant to this study for two reasons. First it 
reports on a large sample of in-service teachers involved in an immersive professional 
development course. Secondly, it involves the analysis of classroom observation data 
(n=75) to quantitatively assess change in teachers ' use of inquiry practices in the 
classroom. 
Constible, Me Williams, Soldo, Perry and Lee (2007) reported on the 
Environmental Science for Elementary School Teachers (ESEST) a 14 year collaborative 
between university professors and K-6 in-service teachers. ESEST is an immersive 
professional development program.10 The learning objectives of the ESEST course is to 
improve teachers' science content and procedural knowledge so that they can teach their 
students using inquiry-based lessons. The results include quantitative gains in teachers' 
content knowledge using pre-post tests designed specifically for this study. The content 
surveys used, however, were not validated and therefore interpretation of these findings is 
10 ESEST that involves four graduate level credits and includes twelve full days (118 hours) of 
instruction during the summer. 
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limited. Self-report survey findings showed gains in teachers' use of the inquiry based 
instructional skills modeled by instructors of the course. The teachers also reported gains 
in their confidence for teaching science content standards topics in the classroom. 
Teacher confidence was measured quantitatively using pre post responses to " I feel 
confident that I have the background and understanding to teach students in my classes 
... science topics". 
Huffman and Thomas (2005) reported fmdings from a study involving 94 middle 
school science teachers and 104 middle school mathematics teachers. The objective of 
this research was to examine the impact of an immersive professional development 
program on teachers' instructional practices in the classroom and their students 
achievement. They concluded that immersion did not instill change in teachers' self-
reported use of standards based instructional practices in the classroom or improve 
student achievement as measured by performance in eighth grade science and 
mathematics state achievement tests. In conclusion they posit that immersive experiences 
in science are likely to have a more long term and undefined effect on teachers' 
performance and thus may not be evident in the self-report survey or students' 
achievement scores. Reasoning that changes in teachers' perspective on teaching and 
views on the nature of science occur over time and therefore would not be immediately 
e.vident in their classroom practice, they suggest that the impact of immersive 
professional development may be apparent over time. 
.. 
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Reform in Science Education 
Reformed Teaching-RTOP 
For the purposes of this study, reformed teaching is operationalized under the 
Reformed Teaching Observational Protocol's (RTOP) guidelines for reformed teaching 
and lessons. The RTOP reference manual11 organizes these guidelines into six 
overarching principles of reformed instruction. 
Each of the RTOP principles of reformed instruction identifies the national 
documents ' recommendations and provides guidelines as to the kind of teaching and 
lessons that would reflect them in the science classroom. These guidelines, identified as 
the RTOP Principles of Reformed Teaching in this study, are presented in Table 2.3. 
11 The RTOP reference manual (Pibum eta!., 2000) provides detailed guidelines of reformed 
instruction derived from recommendations outlined in Project 2061: Science for All Americans 
( AAAS, 1989) and the National Science Education Standards (NRC, 1996). 
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Table 2.3 RTOP Principles of Reformed Teaching (ACEPT Tech. Report IN00-3, pp. 2-5). 
Reformed Reformed lessons ...... National Standards 
• Start with questions about nature . 
1. Reflects the • Engage students actively "Teaching should be consistent with 
processes of • Concentrate on the collection and use the nature of scientific inquiry" 
scientific inquiry of evidence (AAAS, 
• Do not separate knowing from finding 1989, p 147) 
out (NRC, 1996, pg. 30). 
2. Respects • Honor students' prior knowledge Teachers "select science content and 
students' existing • Are constructed to challenge students' adapt and design curricula to meet 
knowledge and ideas the interests, know ledge, 
their interests, • Encourages divergent modes of understanding, abilities and 
abilities and thinking experiences of students" 
experiences (NRC, 1996, pg. 30 
• Begin with the active manipulation of 
3. Emphasizes physical objects or data before structured "Progression of learning is usually 
active student abstractions are introduced from the concrete to the abstract" 
engagement • Emphasize student engagement and (AAAS, 1989, p. 146). 
allow generalizations to emerge from that 
engagement 
• Encourage teachers and students to "Using a collaborative group 
collaborate in the pursuit of ideas and for structure, teachers encourage 
4. Recognizes students to initiate new activities relevant interdependency among group 
that student to an inquiry (NRC, 1996, pg 33). members, assisting students to work 
learning does not together ... " (NRC, 1996, p. 36). 
occur in isolation Key: Collaboration is between teacher "Students' should' gain experience 
and student but also among students. sharing responsibility for learning 
with each other" (AAAS, 1989, p. 
148). 
• Encourage students' to assess their 
5. Engages work by: evaluating the data they collect, 
students in re-examining and collecting more if In reformed classrooms "students 
activities that call necessary, and making statements about explain and justify their findings to 
for them to the generalizability of their findings. themselves and to one another" 
reflect on their • Includes students' planning, presenting (NRC, 1995, p. 33). 
work presentations to the class and accepting 
and reacting to the constructive criticism. 
• Focus on and support student inquiry A teacher should ... Orchestrate 
• Provide opportunities for students to discourse among students. Recognize 
6. Teacher act as accept and share responsibility for their and respond to student diversity and 
the facilitator of own learning. encourage all students to participate 
student learning • Encourage all students to participate fully in science learning. Encourage 
fully in science learning and model the skills of scientific 
• Encourage students to be curious, open inquiry as well as the curiosity, 
openness to new ideas and data, and 
to new ideas and data, and the skepticism skepticism that characterizes science 
that characterizes science. (NRC, 1996, p. 32). 
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Reformed Teaching and Student Achievement 
Educational research has demonstrated a connection between adherence to RTOP 
principles of reformed teaching and gains in student achievement (Lawson et al., 2002; 
Macisaac & Falconer, 2002; Sawada et al., 2002). An NSF funded two year collaborative 
study involving the Arizona Collaborative for Excellence in Teacher Preparation 
(ACEPT) involving 153 public school, college, and university mathematics and science 
classrooms reported correlation coefficients, of0.88 to 0.97, between RTOP scores and 
mean normalized gains in student achievement scores. The Arizona Collaborative for 
Excellence in the Preparation of Teachers (ACEPT) defmed these areas of achievement 
as directly related to students' reformed understanding of scientific processes (Sawada et 
al., 2002). 
The Learning Objectives of the Immersive Professional Development Model 
The learning objectives of immersive professional development design according 
to Loucks-Horsley et al. (2003) include building teachers' knowledge of: (1) science 
content; (2) scientific inquiry; and, (3) the nature of science. The underlying premise of 
the immersive professional design model is that improving teachers' knowledge of 
science content and processes will result in their implementation of reformed instruction 
in the classroom. 
Science Content Knowledge 
The first learning objective of the immersive professional development design 
model is to improve teachers' science content knowledge. For this study, science content 
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knowledge will be defined in accordance with Shulman' s (1986) framework ofteacher 
content knowledge. According to Shulman, there are three categories of teacher content 
knowledge. One of the categories is subject matter content knowledge. This category 
includes knowledge: (1) of science facts , (2) how the facts are organized, and 
(3) why these facts are central to the discipline. In keeping with Shulman' s framework, 
science content knowledge in this study is defmed as the understanding of science facts 
and the associated conceptual underpinnings that connect these facts to the core of the 
discipline. 
The National Science Education Standards (NRC, 1996) provide an outline of the 
expected shift in teachers' delivery of science content knowledge as a result of the 
national reform movement (Table 2.4). This shift reflects a change in focus from students 
knowing science facts to students' understanding science concepts in the context of 
inquiry and the nature of science. 
Table 2.4 Changing Emphasis on Science Content Standards (NSES) (NRC, 1996, p.ll3) 
Less Emphasis On More Emphasis On 
Knowing scientific facts and information Understanding scientific concepts and 
developing abilities of inquiry 
Studying subject matter disciplines (physics, Learning subject matter disciplines in the 
life, and earth science) for their own sake context of inquiry, technology, science in 
personal and social perspectives, and history 
and nature of science 
Separating science knowledge and science Integrating all aspects of science content 
processes 
Covering many science topics Studying a few fundamental science concepts 
Implementing inquiry as a set of processes Implementing inquiry as instructional 
strategies, abilities and ideas to be learned 
Educational research findings suggest that many K -8 teachers do not have 
sufficient depth of science content knowledge to shift their instruction towards teaching 
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in the manner outlined in the National Science Educational Standards (Banilower et al. , 
2013; Fulp, 2002; Rice, 2005; Weiss et al. , 2003). In the 2012 National Survey of Science 
and Mathematics Education (Banilower et al. , 2013) involving over 7,752 science and 
mathematics teachers only 36% of elementary teachers and 45% of the middle school 
teachers had completed the course recommendation standards set by the National Science 
Teachers Association. In addition, notable differences were identified between 
elementary and middle school teachers in areas of science background, views on effective 
teaching practices, time spent on professional development and type of professional 
development programs attended (Banilower et al. , 2013). 
National educational statistics reported only 17% of middle school teachers felt 
prepared to teach physical science and 4% engineering (Weiss et al. , 2013). These 
fmdings are consistent with Rice' s (2005) report that 52% of in-service teachers failed to 
answer basic science questions. Combined these findings provide strong evidence to 
confirm K-8 teachers overall weakness in basic science knowledge. 
Research findings demonstrate the impact of high quality professional 
development programs on improving K-8 teachers ' science content knowledge and 
student achievement (Cohen & Hill, 2000; Kennedy, 1999). Kennedy (1999) reported 
that professional development experiences for teachers in science and mathematics that 
focused on specific content and how students learn that content had a greater impact on 
student achievement as compared to more traditional pedagogy based professional 
development programs. 
Cohen and Hill (2000) in a study involving 595 2-5th grade teachers reported that 
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students' average mathematics scores were higher in schools where teachers participated 
in professional development courses that focused on improving teachers' content 
knowledge, how to teach the content and how students learn the content. Furthermore, 
research studies show that teachers with stronger content knowledge are more likely to 
teach in ways that support students active construction of science knowledge such as 
posing appropriate questions and guiding inquiry driven investigations (Gess-Newsome 
& Lederman, 1995; Lederman, 1999; Roehrig & Luft, 2004). Combined these findings 
provide a strong argument that improving teachers ' science content knowledge is 
essential for improving teachers' performance in the classroom. 
Scientific Inquiry 
The second learning objective of the immersive professional development design 
model is to improve teachers ' knowledge of the processes inherent to engaging students 
in inquiry. Educational research studies demonstrate that effective professional 
development programs provide teachers with opportunities to learn how to engage their 
students in science content (Cohen & Hill, 2000; Garet et al. , 2001; Kennedy, 1998, 
1999; Wenglinsky, 2002). 
The Essential Features of Inquiry 
The National Science Education Standards (NRC, 1996) identify five essential 
features of classroom inquiry for grades K-12 (Table 2.5). Their purpose is to provide a 
guide for teachers in engaging students in designing investigations, posing questions, 
formulating explanations and communicating results. 
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Table 2.5 Essential Features of Classroom Inquiry and Their Variations 12 (NRC, 1996) (p. 
29) 
Essential Variations 
Features 
1 Learner Learner poses a Learner selects Learner sharpens Learner engages 
engages in question among or clarifies in question 
scientifically questions, poses question provided by 
oriented new questions provided by teacher, 
questions teacher, materials, other 
materials or source 
other source 
2 Learner gives Learner Learner directed Learner given Learner given 
priority to determines to collect certain data and asked to data and told 
evidence in what data analyze how to analyze 
responding to constitutes 
questions evidence and 
collects it 
3 Learner Learner Learner guided Learner given Learner provide 
formulated formulated in process of possible ways to with evidence 
explanations explanations formulating use evidence to 
from evidence after explanations formulate 
summarizing explanations 
evidence 
4 Learner Learner Learner directed Learner given 
connects independently towards areas possible 
explanations to examines other and sources of connections 
scientific resources and scientific 
knowledge forms the links knowledge 
to explanations 
5 Learner Learner forms Learner coached Learner provided Learner given 
communicates reasonable and in development broad guidelines steps and 
and justifies logical of to sharpen procedures for 
explanations argument to communication communication communication 
communicate 
explanations 
More ----------------------------Amount of Learner Self Direction------------------------------------Less 
Less---------------------------Amount of Directions from Teacher or Material --------------------More 
12 The document's goal is to guide teachers towards more student-directed and less teacher 
directed activities and instructional materials. 
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Translating the Essential Features of Classroom Inquiry into Classroom Practice 
Teachers can implement inquiry at different levels in the science classroom. To 
distinguish between the various degrees of inquiry present in a classroom lesson, 
Windschitl (2002) translated the essential features of inquiry into levels of inquiry. The 
inquiry levels include: 
Level ( 1) called confirmation experiences are the lowest level of inquiry. They 
include labs where students' sole objective is to confirm scientific knowledge. 
Level (2) called structured inquiry is where the teacher presents students with a 
question/problem to which they do not know the answer and supplies the procedUre to 
complete the investigation. 
Level (3) called guided inquiry is where the teacher gives students a 
question/problem; however, the procedure for solving the problem is left to the students. 
Level ( 4) called open inquiry is where students to generate a question and 
procedure necessary to solve the problem. 
According to Windschitl (2002) each step up in the inquiry process is more 
pedagogically challenging for teachers to manage. In structured inquiry, the teacher gives 
students the procedure, whereas, in guided inquiry the teacher needs sufficient depth of 
science content and procedural knowledge to guide students through the research process. 
The most challenging for teachers to facilitate is open inquiry as it involves 
guiding students in the crafting of a meaningful and testable research question. 
Windschitl (2002) argues that these experiences are very different from the confirmatory 
type investigations done in most K-12 classrooms. 
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Bell, Smetana, & Binns (2005) outlined the four-level model of inquiry according 
to the information given to the students. It shows how inquiry investigations 
progressively shift from teachers providing students with all the information needed to 
complete a highly directed investigation to teachers providing students with no 
information to complete a student-directed investigation. 
Four-Level Model of Inquiry (Bell, Smetana, & Binns, 2005) 
How much information is given to the student? 
Level of Inquiry Question? Methods? Solution? 
Teacher-Directed 
1- Confirmation ./ ./ ./ 
2- Structured ./ ./ 
Student-Directed 3- Guided ./ 
4- Open 
Limitations in Teachers Self-Report on Inquiry Based Teaching 
Educational research findings have revealed that many teachers hold 
misconceptions about teaching science through inquiry (Anderson, 2002; Fulp, 2002; 
Wee et al., 2007; Weiss et al., 2003; Windschitl, 2003). Weiss et al. (2003) found that 
18% of elementary teachers who reported using inquiry-based activities were using 
confirmatory types of activities in the classroom instead. According to Fulp (2002) 
teachers that reported using hands-on investigations where instead having students follow 
specific cookbook instructions as opposed to designing/ implementing their own 
investigation. Windschitl (2002) confirmed these findings reporting that teachers often 
consider procedural type activities such as traditional verification experiments where 
students seek the "right" answer as being inquiry driven investigations. 
K-8 teachers often turn to their science textbooks as a resource for activities to 
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implement in their classrooms (Weiss et al., 2003). However, K-8 science textbooks offer 
primarily traditional verification experiments more commonly called hands-on activities. 
Chinn and Malhotra (2002) compared hands-on activities in nine middle school and 
upper elementary textbooks against features of authentic scientific inquiry. In this study, 
they framed authentic scientific inquiry to include the following fundamental cognitive 
processes: constructing a research question, designing the study to address the research 
question, making observations, explaining results, developing theories, and studying the 
research of others. Based on their findings they concluded: 
The simple experiments found in textbooks are a prominent form of hands-on 
inquiry, and these tasks .... share few if any of the features of authentic scientific 
research. The tasks assume very simple models ... which are so oversimplified that 
there is little real science left (Chinn & Malhotra, 2002, p. 206). 
According to national reform documents, these hands-on activities can be helpful in 
engaging students' interest. However, their use does not guarantee that students 
understand the science concepts that they investigated (NRC, 2000). 
Teachers' na'ive conceptions about inquiry also affect how they portray scientific 
investigation to their students. Windschitl (2002) reported that teachers frequently equate 
scientific inquiry with the stair step model. This inaccurate model of the nature of science 
portrays real-life scientific investigations as a static unidirectional progression of steps. 
Windschitl (2002) argues that these naive conceptions about the processes of scientific 
investigation mislead student and teachers about the true nature of science. 
Wee et al. (2007) argues that teachers' confusion about the processes of authentic 
inquiry in general causes them to perceive inquiry-based lessons as being difficult to 
implement in the classroom. Loucks-Horsley et al. (2003) suggest that providing teachers 
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with inquiry experiences that reflect how they are expected to teach their students will 
have a positive effect on their ability and willingness to implement inquiry lessons in the 
classroom. Luera, Moyer and Everett (2005) reported elementary pre-service teachers 
who participated in inquiry based science courses were better able and willing to plan 
reform based science lessons. 
Teachers' Beliefs about Teaching Science 
Educational research has highlighted the importance of teachers' beliefs about 
teaching science on students learning. Furthermore research has linked teacher self-
efficacy to their willingness to include reform based instructional practices in their 
classroom (Choi & Ramsey 2009; Crawford, 2007; Hashweh, 1996; Lotter et al. , 2007; 
Luft & Roehrig, 2007; Roehrig and Kruse, 2005; Smith & Southerland, 2007; VanDriel, 
Beijaard, & Verloop, 2001; Wallace & Kang, 2004; Yerrick, Parke, & Nugent, 1997). 
Researchers ' studies have demonstrated the need for professional development 
programs to assess and address teachers ' beliefs about science teaching and student 
learning (Crawford, 2007; Keys & Bryan, 2001 ; Lotter et al. , 2007). Crawford (2007) 
argues that: "teaching science as inquiry must be both ~easible and viable in the mind of 
the teacher. Teachers need to see that things can work, that it is possible to carry out 
inquiry based instruction in the actual classroom" (p. 638). She argues that teaching in a 
reformed manner is difficult, and teachers need support and guidance in order to boost 
their self-efficacy for teaching science using reform practices. She recommends that 
teacher educators track teachers ' evolving beliefs about inquiry and self-efficacy for 
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teaching science. She argues that these play a significant role in teachers' willingness to 
include what they learned during professional development programs in their science 
lessons. 
Davis, Petish and Smithey's (2006) fmdings support a connection between 
teachers' self-efficacy and reformed practices in the classroom. "Teachers with higher 
self-efficacy engage students in more student-centered lessons, believe that students are 
capable of learning through cooperation and experiences, and develop more as science 
teachers" (p. 631 ). Furthering this view, Wallace and Louden (1992) argue that the lack 
of success in reform efforts is due to the failure of taking into account teachers' beliefs 
about their own teaching and the practice of teaching in general 
Lotter et al. (2007) provide supportive evidence from an in-depth case study 
involving three teachers who participated in a two-week summer immersive professional 
development program. In this study, teachers were interviewed to assess their beliefs 
about inquiry teaching and classroom lessons observed. Data analysis revealed four main 
areas where their beliefs influenced how they taught science in the classroom. They 
included their conceptions of (1) science, (2) their students' abilities, (3) effective 
teaching practices and ( 4) the overarching goals for student learning at the particular 
grade level. For example, one teacher reported his view of science as a set body of 
knowledge that students needed to learn and was observed teaching lessons that were 
highly structured and centered on step-by-step directions. A second teacher, who viewed 
science as an active process was observed teaching lessons that had students collecting 
and analyzing data. Lotter, Harwood and Bonner concluded that the success of an inquiry 
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based professional development course, in addition to improving teachers' understanding 
of science content and processes, also depends on addressing teachers' core conceptions 
about teaching and student learning during the course. 
Teacher Self-Efficacy and Bandura 's Social Cognitive Theory 
The construct of teacher self-efficacy is grounded in Bandura's social cognitive 
theory that posits that learning occurs in a social environment with reciprocal interactions 
between personal factors, environmental factors and behavior (Bandura, 1977, 1986). 
PERSONAL 
FACTORS 
(Cognitive~ affective, 
and biological events) 
BEHAVIOR 
Social cognitive theory as related to a teacher's performance in the classroom 
involves interactions between a teacher's perception of their personal factors (i.e. , content 
knowledge/self-efficacy), environmental factors (i.e. students performance/ professional 
development experiences) and behaviors (i.e., implementation of reformed lessons versus 
dependence on the book). Ban dura ( 1994) suggested that a strong sense of self-efficacy 
enhances an individual's sense of accomplishment and determines whether or not an 
individual perceives a task as a reachable goal. In this study, teacher self-efficacy is 
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defined as "the extent to which the teacher believes he or she has the capacity to affect 
student performance" (Berman et al. , 1977, p. 137 as cited in Tschannen-Moran, 
Woolfolk Hoy & Hoy, 1998 p. 202). 
Bandura (1977; 1986) suggests that a person' s sense of self-efficacy comes from 
four sources: (1) mastery experiences, (2) vicarious experience, (3) social persuasion, and 
( 4) stress reduction. The most significant source of self-efficacy according to Bandura 
(1977) comes from a person' s past experiences. Bandura calls these mastery experiences. 
According to Ban dura ( 1977) improving self-efficacy is based primarily on a person's 
reflection and interpretations of their performance on a task. A task in this case could be 
planning and implementing engaging science lessons that positively affect students 
knowledge of science. When a person's experiences are perceived as successful, it raises 
their self-efficacy. Alternatively, failure to accomplish a given task lowers a person' s 
self-efficacy. Research suggests that repeated success creates strong self-efficacy beliefs 
that are difficult to change (Zeldin & Parajes 2000). 
According to Bandura (1977) a person can also become more efficacious from 
vicarious experiences. Seeing others succeed can result in the observer believing that they 
can also succeed despite the odds. Based on this source of self-efficacy teachers ' working 
collaboratively in groups could provide a means for improving a teacher's self-efficacy. 
Social persuasions can also influence a person' s self-efficacy beliefs. "Verbal 
messages and social encouragement helps individuals to exert extra effort and maintain 
the persistence required to succeed, resulting in the continued development of skills and 
personal efficacy" (Zeldin & Parajes 2000, p. 216). Praise from an instructor or fellow 
37 
teachers about a job well done would fit into this category. 
The fourth source of self-efficacy involves individuals' physical and emotional 
stress levels when they are doing a task. The belief is that feelings of stress and fatigue 
can contribute to lowering a person's self-efficacy whereas positive feelings such as 
excitement and interest increases a person's level of self-efficacy. 
It is important to note that a teacher' s self-efficacy is related to his or her own 
perception of competence that may or may not align with the teachers' actual abilities 
(Tschannen-Moran et al. , 1998). Self-efficacy is also context specific. Thus, according to 
Tschannen-Moran et al. (1998) a teacher may have high self-efficacy for teaching one 
topic and low self-efficacy for another topic. 
Tschannen-Moran et al. (1998) in a comprehensive review ofthe research 
literature compiled evidence to support a relationship between teachers ' self-efficacy, 
their instructional practice in the classroom and student achievement. Given these 
connections it is important that a professional development program consider ways in 
which to improve teachers' self-efficacy for science instruction. 
Professional Development and Improving Teacher Self Efficacy 
Educational research has shown that high quality professional development 
programs are capable of having a positive impact on teacher' s self-efficacy for science 
(Brand & Wilkins, 2007; Ross & Bruce, 2007; Swars & Dooley, 2010). 
Brand and Wilkins's (2007) study focused on the impact of a methods course on 
pre-service elementary teachers' perception of their instructional abilities. In this 
qualitative study, self-efficacy was assessed using the framework ofBandura's four 
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sources of efficacy: mastery experiences, vicarious experiences, social persuasion and 
stress reduction. Data analysis showed gains in all four sources with mastery experiences 
having the greatest impact on the pre-service teachers' self-efficacy beliefs. Mastery 
experiences in the study were described as " [activities] that engaged students [pre-
service teachers] in constructivist practical experiences evoking their active participation 
and ownership in their learning. The pre-service teachers explored and discovered 
answers and ideas for themselves." (Brand & Wilkins, 2007, p. 304) The pre-service 
teachers reported that these mastery experiences had a positive impact on their 
perceptions of their ability to teach that topic in a classroom. 
Teacher Self-Efficacy and Classroom Instruction 
Educational research has also shown that improving teacher's self-efficacy 
increases the likelihood that they will include reform oriented instructional practices in 
the classroom (Guskey, 1988; Lakshmanan et al., 2011; Stein & Wang 1988). 
Lakshmanan et al. (20 11) examined the impact of a high quality professional 
development program on teachers' self-efficacy and implementation of reform oriented 
instructional practice in the K-8 classroom. Their findings showed a significant increase 
in teachers' personal science teaching efficacy (PSTE) and teachers' use of reformed 
instruction in the classroom when measured with the RTOP as a result of the professional 
development offered. Further analysis of the data revealed a positive correlation (0.35) 
between PSTE scores and RTOP scores. Higher base-line PSTE scores demonstrated a 
steeper rate of change as compared to teachers starting with lower PSTE scores. These 
findings provide evidence to support the role of high quality professional development 
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programs on improving teachers' personal sense of self-efficacy. Furthermore, these 
findings suggest a connection between teachers' confidence about teaching science and 
their decisions to integrate what they learned during high quality professional 
development programs into their classroom lessons. 
Teachers with high levels of efficacy were also found to be more open to new 
ideas, more willing to incorporate new methods into the classroom (Stein & Wang 1988), 
and more likely to expend additional effort in planning and organizing lessons 
(Tschannen-Moran et al., 1998). Riggs (1995), as cited in Roberts, Henson, Tharp and 
Moreno (200 1 ), reported elementary teachers with low science teaching self-efficacy 
tended to rely on facts and procedures, were more dependent on the textbook, and were 
more likely to use lecturing as a means to teach science. 
Chapter Summary 
In this chapter, a review ofthe literature related to high quality professional 
development programs for K-8 in-service teachers was presented. This overview revealed 
the unique challenges that confront K-8 teachers in science and the importance of 
designing professional development programs that address them. A case was made for 
establishing immersion as a high quality professional dev~lopment experience that is 
capable of inspiring reform in the K-8 science classroom. The premise is that K-8 
teachers have limited knowledge/experience with learning science through the processes 
of scientific inquiry. Many educational reformers argue that this lack of experience has 
limited teachers' ability to plan reform based science lessons that meet the national 
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reform initiatives (Darling-Hammond, 2004; Loucks-Horsley et al. , 2003; McLaughlin, 
2011). 
Self-efficacy is also recognized as having a significant impact on teachers ' ability 
to implement reformed measures in their classroom. Changing teachers ' beliefs about 
reformed teaching and student learning were also discussed to illustrate the significance 
of their role in effective professional development programs. 
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CHAPTER3:METHODOLOGY 
This chapter begins with a description of the mixed methods research design used 
in this study. It also presents the data collection methods and procedures for data analysis. 
Research Design 
This study utilized a mixed methods research design that integrated both 
quantitative and qualitative methods to answer the research questions presented in this 
study. The research questions for this thesis are: 
1. What impact did an immersive professional development program have on teachers ' 
ability to write reform-based science lesson plans for use in their classrooms? 
2. What impact did an immersive professional development program have on teachers' 
implementation of reform-based teaching practices in the classroom? 
3. What impact did an immersive professional development program have on teachers' 
self-efficacy for teaching science? 
4. How did the key immersive design elements influence a select group of teachers' 
knowledge of science and scientific processes? 
According to Creswell and Clark (2007) " The combination of qualitative and 
quantitative data provides a more complete picture by noting trends and generalizations 
as well as in-depth knowledge of participants' perspectives" (p. 33). Mixed methods 
design was key to this study because it allowed the researcher to draw from the strengths 
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of both the quantitative and qualitative methodologies to fully address the impact of the 
immersive professional development program on attending teachers. 
Table 3.1 Two-phase sequential exploratory design model (Creswell & Clark, 2007) 
Phase 1: Quantitative phase Investigates the impact of the immersive 
professional development program on teachers ' 
N=27 teachers ability to write reform-based science lesson 
plans and self-efficacy for teaching science in 
the classroom. 
Phase 2: Qualitative phase Examines how the key immersive design 
elements (KIDE) influenced teacher's lesson 
n=7 case study teachers plans and the execution ofthese plans in their 
classroom. 
A two-phase sequential exploratory design model (Creswell & Clark, 2007) was 
used. The first phase of the study was the quantitative phase, which investigated the 
impact ofthe immersive professional development program on teachers' ability to write 
reform-based science lesson plans and self-efficacy for teaching science in the classroom. 
The second, qualitative phase included seven case study teachers. The case study reports 
were used in this study to examine how the key immersive design elements (KIDE) 
influenced teacher's lesson plans and the execution of these plans in their classroom. 
Yin (2009) argues, "a major strength of case study data is the opportunity to use 
many different sources of evidence" (p. 114) because it allows the researcher to construct 
"converging lines of inquiry, a process of triangulation and corroboration" (p. 115). Yin 
(2009) recommends case studies as an effective approach to developing rich and 
comprehensive understandings about subjects' reaction to complex learning experiences. 
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The Context of the Professional Development 
The immersion program provided high quality inquiry based learning experiences 
to K-8 teachers ' in the greater Boston area. In 2010, two courses were offered: Immersion 
in Green Energy (IGE) and Immersion in Global Energy Distribution (IGED). See Table 
3.2 for the immersion time line. 
Table 3.2 Immersion Timeline 
Pre-Immersion Immersion Case Studies 
Spring 2010 Summer2010 Spring of 2011 
27 teachers 27 teachers 7 case study teachers 
5 sessions/3 hours 2 weeks (a selected subset ofN=27) 
mid May to mid June July 12-23, 2010 1 classroom observation 
(10 days 9am- 4pm) 1 semi structured interview 
6 contact hours 
2 courses: IGE and IGED 
Quantitative Qualitative 
Total contact time with teachers for each immersion course was 75 hours (pre-
immersion and summer sessions) almost reaching the 80 contact hours recommended 
hours for high quality professional development programs 13• 
Immersion in Green Energy (IGE) 
The five IGE pre-immersion sessions consisted of inquiry-based investigations 
and were geared towards improving teachers' knowledge of science concepts related to 
traditional energy systems at the guided level of inquiry (Windschitl, 2002). A 
breakdown of the laboratory investigation topics and program outline for the IGE pre-
immersion sessions is included in Appendix A. 
13 Supovitz & Turner, 2000 
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During this instructional period teachers worked in teams of three or four 
collecting and analyzing data. The investigations were guided by the instructors and 
intended to introduce teachers to the physical science content (mechanical, heat, and 
electrical energy concepts), laboratory tools (voltmeter, ammeter, thermometer, timers, 
computer interface), and procedures of a scientific investigation. 
At the end of the pre-immersion component of the course, each team of teachers 
was assigned a topic on electrical energy generation to write a research paper on. The 
topics included: electricity generation by hydropower, wind power, geothermal power, 
nuclear power, and coal power. The two-week immersion session began with teams of 
teachers presenting to their peers. 
Global Energy Distribution (IGED) 
During the IGED pre-immersion sessions teachers were introduced to global 
energy concepts through pre-immersion investigations at the guided level of inquiry 
(Windschitl, 2002). A breakdown of the laboratory investigation topics and program 
outline for the IGED pre-immersion sessions is included in Appendix B. 
Although the science content for IGED was different, the instructional methods 
for both courses were the same. Teachers worked in teams of three or four collecting and 
analyzing data. The investigations were guided by the instructors and intended to 
introduce teachers to science content (heat energy, earth's .orbital and axial tilt on seasons, 
light energy, global warming and convection/ocean currents), laboratory tools (Vernier ® 
spectrophotometer, C02 sensor, temperature and salinity sensors), and procedures of 
scientific investigation. 
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At the end of the pre-immersion component of the IGED course, each team of 
teachers was assigned a topic on global energy generation to write a research paper on. 
The topics included: global conveyor belt, rising sea levels, carbon cycling, 
paleoclimatology and global warming. The two-week immersion session began with 
teams of teachers presenting to their peers. 
Summer Immersion Session 
During the 1 0-day summer immersion section of the program, teachers were 
sufficiently familiar with the tools and methods and instructors became more supportive 
guiding teachers through the development of a research question and designing their own 
investigation. Teachers continued to work in collaborative groups but at a higher level of 
open inquiry generating a testable research question and designing a method to answer a 
proposed research question (Windschitl, 2002). 
Although IGE and IGED focused on different science content the pedagogical 
methodologies of both courses were based on reformed teaching practices. Inquiry 
instruction in both courses was predominately done by instructors modeling reform-based 
methods such as Socratic questioning techniques. 
The principal instructional activities during the two-week immersion session 
included: 
1. Presentations by teams of teachers to their peers of a significant topic related to energy 
2. Guided inquiry based investigations where teachers worked in collaborative groups. 
3. Explicit instruction on the tenets of the nature of science 14• 
14 Schwartz, Lederman & Crawford et al., (2004) 
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4. Explicit instruction on inquiry instruction15 
5. An intensive open inquiry investigation on a topic of energy. Teachers were 
encouraged to work together in their collaborative groups to generate a viable research 
question, design an experiment, analyze and critically assess their work. 
6. Present their research work and findings to their peers in a collaborative setting. 
7. Design a curriculum unit that included a science lesson plan (s) designed to be 
implemented in the classroom. 
Immersion Staff 
Table 3 3 Immersion Staff 
Immersion Staff 
B.U. Professors 3 professors with PhD degrees in physics 
1 professor with an EdD degree in science education 
Doctoral Students 2 doctoral students whose primary role was to assist 
professors during the instructional sessions. 
1 doctoral student had the dual role of assistant and 
researcher 
The immersion program team consisted of four university professors and three 
graduate level students. Three of the professors have PhD degrees in physics and the 
fourth an EdD degree in science education. Three graduate students assisted the 
professors in both courses. Their primary role was to support teachers' learning during 
the instructional sessions. The researcher of this study had the dual role of graduate 
student and researcher (See Table 3.3) 
15 Bybee, 2006; Windschitl, 2002 
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Establishing the Validity of Immersion as a Reform Based Professional Development 
Program 
Two trained RTOP scorers evaluated the immersion courses using the RTOP 
observation protocol. The objective was to establish the level of reformed instruction 
present in the IGE and IGED course. One ofthe trained RTOP raters observed an IGE 
summer session. The reported RTOP score was 78/100. Two raters observed two 
different IGED summer sessions. The reported RTOP scores were 80/100 and 89/100. 
According to Macisaac and Falconer (2002) an RTOP score over 50 is indicative of a 
reform-based lesson. Based on this criterion the instructional methods implemented in the 
immersion courses were representative of reformed teaching. 
Participants 
Participants involved in this study consisted of27 K-8 in-service teachers from the 
greater Boston area. They were part of a larger population of 3 7 teachers who attended 
the immersive professional development program at Boston University in the academic 
year and summer of2010. Teachers for this study were recruited by sending letters to 
principals and headmasters in the Greater Boston area. Registration was done through a 
project website16. Participation in the immersion program was voluntary. Registrants 
were accepted on a first come basis although applicants from the Boston Public Schools 
and teachers who applied with a colleague from the same school district were shown 
preference. Teachers were awarded four graduate level credits and a small stipend at the 
16 http://inquiringminds.bu.edu/ 
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completion of the course program. 
All attending participants were asked to submit a written science lesson plan that 
they implemented in the classroom prior to the program. This request was strictly 
voluntary 17• The 27 K-8 teachers selected for this study were chosen solely on the basis 
that they submitted a complete/gradable science lesson plan at the start ofthe course. 
This was a necessary component of the selection process as the submitted lesson plan 
served as the pre-treatment quantitative measure of teachers' ability to write reform based 
lesson plans. 
Case Study Teachers 
From the 27 attending teachers, seven were approached and asked if a classroom 
observation with follow-up interview could be arranged. This subset ofteachers was 
chosen based ort the expectation that they would implement reformed teaching methods 
in the classroom. This expectation arose from multiple conversations between immersion 
program instructors regarding teacher's performance and attitudes during the course. 
According to McMillan and Schumacher (2006) "in purposeful sampling the researcher 
selects particular elements from the population that will be representative or informative 
about the topic of interest" (p. 126). The motivation for this bias in selection was to 
improve the probability of selecting teachers most likely to implement reformed 
instruction in the classroom. The instructors generated a rank list and teachers were 
invited to participate in the case study solely on their rank on the list. Seven teachers 
were asked on the first round and all agreed to participate in the study. 
17 this request was voluntary meaning that it was not a requirement of the course 
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Data Collection 
Teachers' ability to write and implement reform oriented science lesson plans, 
self-efficacy for teaching science and use of inquiry science in the classroom were 
measured using quantitative instruments. The Reformed Teaching Lesson Plan 
Instrument (RTLPI) with scoring rubric (Nolan et al., 2012) measured teachers' ability to 
write reform based science lesson plans. The Reformed Teaching Observation Protocol 
(RTOP) (Sawada et al., 2002) measured teachers' observed use of reformed instruction in 
the classroom. The Science Teaching Efficacy Instrument for In-Service Teachers 
(STEBI-A) (Riggs & Enochs, 1990) measured teacher self-efficacy beliefs. The Inquiry 
Science Implementation Survey (ISIS) (Brandon et al., 2009) measured teachers' 
implementation of inquiry science in the classroom. In addition, a teacher background 
survey was given before the start of the immersion program and a retrospective survey 
was given six months after completing the immersion program. Both the teacher 
background survey and retrospective survey were administered on Survey Monkey®. 
Qualitative methods were used to examine how the key immersive design 
elements (KIDE) influenced a select group of teacher's ability to write reform-based 
science lesson plans and the execution of these plans in their classroom. The qualitative 
data was collected from the seven case study teachers during a semistructured interview. 
The methodology matrix (Table 3.4) outlines the research questions and data 
collected to address them. 
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bl 34M h d I M Ta e et o o ogy atnx 
Research Questions Research Data 
1. What impact did an immersive professional Pre-Post RTLPI scores 
development program have on teachers ' ability to write (N=27) 
reform-based science lesson plans for use in the classroom? 
1.1 Is there an association between teachers' written lesson Background survey data 
plan scores and teacher status as an elementary or middle & 
schoolteacher? RTLPI lesson plan scores 
(N=27) 
1.2 Is there an association between years of teaching and Background survey data 
teachers ' ability to write reform-based science lesson plans? & 
RTLPilesson plan scores 
(N=27) 
1.3 Is there an association between teachers ' written lesson Background survey data 
plan scores and the number of science courses taken at the & 
undergraduate level? RTLPI lesson plan scores 
(N=27) 
2. What impact did an immersive professional RTOP classroom observation 
development program have on teachers' implementation of & 
reform-based teaching in the classroom? RTLPI observation-post scores 
2.1 Is the RTLPI score a good predictor of a teacher's RTOP classroom observation 
inquiry-oriented instructional practice in the classroom? & 
RTLPI observation-post scores 
2.2 What principles of reformed teaching did a select group Case study interview data 
of teachers implement in the classroom as a result of (n=7) 
attending an immersive professional development program? 
3. What impact did an immersive professional STEBI-A pre-post scores 
development program have on teachers' self-efficacy for (N=27) 
teaching science? 
3.1 Is there an association between teachers ' self-efficacy STEBI-A gains & RTPLI 
for science and their ability to write reform-based science gains 
lesson plans? Retrospective survey (N=27) 
3.2 How did the immersive professional development Case study interview data 
influence teacher self-efficacy? (n=7) 
4. How did the key immersive design elements influence a Case study interview data 
select group ofteachers' knowledge of science and scientific (n=7) 
processes? 
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Quantitative Instruments 
Reformed Teaching Lesson Plan Instrument (RTLPI) 
The Reformed Teaching Lesson Plan Instrument (RTLPI) was developed for the 
immersion program and based on the Arizona Collaborative for Excellence in the 
Preparations of Teachers (ACEPT) model of a good lesson: 
. . . a lesson that begins with the recognition of students' prior knowledge and 
preconceptions, that attempts to engage students as members of a learning 
cornrnunity, that values a variety of solutions to problems and that often takes its 
direction from ideas generated by students. (ACEPT IN00-3 p.8) 
The Reformed Teaching Observational Protocol (RTOP) developed by ACEPT 
was chosen as the framework for the RTLPI because it is standards based, inquiry 
oriented and student centered instrument that is a well-established, reliable and valid 
measure of reformed teaching methods for grades K-20 (Sawada et al. , 2002). The RTLPI 
was constructed by members of the immersion team who are also trained RTOP 
evaluators, therefore, knowledgeable in reformed teaching and the RTOP protocol. 
Construction of the Reformed Teaching Lesson Plan Instrument with Scoring Rubric 
The RTLPI consists of eight RTOP items that through factor analysis correlated 
between 0.60- 0.99 with inquiry orientation (Piburn et al. , 2000) and could be scored 
from a lesson plan. The RTOP items specified by Sawada et al. (2002) that represent the 
criteria of reformed teaching in a written lesson plan were: Lesson Design and 
Implementation items 1, 2, 3, 4; Content items 11,12,13; and Communicative Interactions 
item 16. The wording of the RTOP items was slightly modified for application to lesson 
plans. Scoring was done with a Likert scale of 0 to 4 in keeping with the RTOP (Sawada 
et al. , 2002). A score of 0 never occurred and 4 very descriptive of reformed teaching. 
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The maximum RTLPI score for a written lesson plan is 32 points. Table 3.6 shows a 
comparison between the eight RTLPI items and the original eight RTOP items. 
To clarify differences between 0-4 scales a scoring rubric was constructed to 
assist scorers using the RTLPI. The objective of the scoring rubric was to improve the 
internal consistency of the lesson plan scores generated by raters using the R TLPI. The 
construction of the scoring rubric was an iterative process involving the R TLPI designers 
over a period of many months. An RTOP scoring rubric developed by Budd et al. (2010) 
was used to assist developers during the development of the RTLPI (See Appendix C for 
the RTPLI with scoring rubric). 
T bl 3 5 A C a e ompanson o fRTLPI 8 It d th RTOP 8 .t ems an e 1 ems 
RTLPIItems RTOP Items 
1. Instructional strategies and activities 1. Instructional strategies and activities 
respected students' prior knowledge and the respected students' prior knowledge and the 
preconceptions inherent therein preconceptions inherent therein 
2. The lesson was designed to engage students 2. The lesson was designed to engage students 
as members of a learning community as members of a learning community 
3. In this lesson, student explorations preceded 3. In this lesson, student explorations preceded 
formal presentation formal presentation 
4. This lesson encouraged students to seek and 4. This lesson encouraged students to seek and 
value alternative modes (methods) of value alternative modes of investigations or of 
investigations or of problem solving problem solving 
5. Students used a variety of means (models, 11. Students used a variety of means (models, 
drawings, graphs, concrete materials, drawings, graphs, concrete materials, 
manipulatives etc.) to represent phenomena manipulatives etc.) to represent phenomena 
6. Students made predictions, estimations, 12. Students made predictions, estimations, 
and/or hypotheses and devised means for and/or hypotheses and devised means for 
testing them testing them 
7. Students were actively engaged in a thought 13. Students were actively engaged in a 
provoking activity that often involved the thought provoking activity that often involved 
critical assessment of procedures the critical assessment of procedures 
8. Students were involved in the 16. Students were involved in the 
communication of their ideas to others using a communication of their ideas to others using a 
variety of means and media variety of means and media 
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Validity of the RTLPI with Scoring Rubric 
In an effort to establish the validity for the RTLPI as a quantitative tool for 
measuring teachers ' use of reformed instruction in the classroom, the nonparametric 
Spearman rank correlation test was run between the (pre-immersion) lesson plan (RTLPI) 
scores and the (pre-immersion) ISIS scores. The ISIS is a valid and reliable self-report 
survey used to measure teacher' s implementation of inquiry in the classroom (Brandon et 
al. , 2007). A strong correlation between the ISIS and RTLPI would strengthen the 
validity of the R TLPI as a tool for measuring reformed teaching in the classroom. The 
Spearman correlation between teachers' ISIS prescores and pre RTLPI scores computed a 
strong positive correlation (r= 0.73 , p < 0.001). Researchers consider values of ±0.68 or 
larger as strong correlations (Nunnally, 1978). Figure 3.1 shows the scatter plot ofthe 
ISIS pre scores and pre RTLPI score data. 
Fi ure 3.1 ISIS Pre scores and RTLPI Pre scores 
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Reformed Teaching Observation Protocol (RTOP) 
The Reformed Teaching Observation Protocol (RTOP) (Sawada et al., 2002) was 
used to measure the case study teachers' level of reform-based instruction in the 
classroom. It was chosen because of its reputation for being a highly reliable and valid 
measure of reformed teaching frequently used in science education research. 
The RTOP is a 25-item Likert survey that ranges from zero (never occurred) to 
four (very descriptive). It contains three scales: Lesson Design and Implementation (5 
items), Content (subscales: Propositional Knowledge and Procedural Knowledge 10 
items), and Classroom Culture (subscales: Communicative Interactions and Student-
Teacher Relationships, 10 items). The maximum score is 100 points (See Appendix D for 
the RTOP Protocol). An RTOP score over 50 is considered to be indicative of a reform-
based lesson (Macisaac & Falconer, 2002). 
The RTOP was shown to be a valid and reliable instrument for K-20 classrooms. 
The Cronbach's alpha reliability score for the entire 25-item RTOP instrument is 0.97. 
The individual subscale reliability scores for Lesson Design and Implementation is 0.91, 
Content (Propositional Knowledge, 0.80, Procedural Knowledge 0.93), Classroom 
Culture (Communicative Interactions, 0.91 Student-Teacher Relationships, 0.91). For 
internal consistency, reliability scores were analyzed for the RTOP data reported in this 
study using Cronbach's alpha. 
Science Teaching Efficacy Instrument for In-service Teachers (STEBI-A) 
The Science Teaching Efficacy Instrument (STEBI-A) (Riggs & Enochs, 1990) 
was selected to measure teacher self-efficacy beliefs about teaching science. This 
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instrument was chosen because of its foundation in Bandura' s social learning theory, 
focus on in-service teachers efficacy beliefs about teaching science in the classroom and 
extensive use in science education research. 
The STEBI-A has 25 Likert scale items. Each item score ranges from 1 (strongly 
disagree) to 5 (strongly agree). The STEBI-A consists oftwo subsets: Personal Science 
Teaching Efficacy Belief (PSTE) and Science Teaching Outcome Expectancy (STOE). 
The PSTE measures teachers' personal beliefs about their ability to teach science. It is 
composed of 13 of the 25 items. The PSTE subset scores range from 13 to 65. The STOE 
subset, which measures teacher beliefs that effective teaching can influence student 
learning, was not used in this study. 
The STEBI-A was shown to be a valid and reliable instrument for examining 
teachers' self-efficacy beliefs toward teaching science. The PSTE subscale has an 
established reliability of Cronbach's alpha =0.90 (See Appendix E for the STEBI-A 
instrument). For internal consistency, reliability scores were reanalyzed for this study 
using Cronbach's alpha. 
The Inquiry Science Implementation Scale (ISIS) 
The Inquiry Science Implementation Scale (ISIS) (Brandon et al., 2009) was 
selected to measure teacher implementation of inquiry in the classroom. This instrument 
was chosen because of its ability to measure teacher's use of inquiry based instructional 
practices in the classroom. 
The ISIS is a self-report instrument consisting of twenty-two items scored on a 
Likert scale from 1 (never) to 5 (always). The ISIS consists of three phases: the 
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introduction phase, the phase in which inquiry is conducted, and the summary phase 
where students pull together learned knowledge from the first two phases. The range of 
possible scores for the ISIS instrument is 0 to 110. 
The ISIS was shown to be a valid and reliable instrument for assessing K-12 
teachers implementation of inquiry in the classroom, however, it is reported use in 
educational research is limited. The reported Cronbach's alpha reliability score for the 
instrument was 0.63 (See Appendix F for the ISIS instrument). For internal consistency, 
reliability scores were calculated for ISIS data reported in this study using Cronbach's 
alpha. 
The ISIS was administered at the onset ofthe course as a measure of teachers' 
perceived implementation of inquiry before the irnrnersive treatment. These scores were 
used to establish a level of reliability for the RTLPI as both measure teachers' intent to 
implement reformed instruction in the classroom. 
Reliability of Sample 
Reliability statistics were computed to determine the reliability of the instruments 
for this sample in this study. The Cronbach's alpha internal consistency scores were 
obtained for the RTOP, STEBI-A PSTE subset, and the ISIS instrument. The Cronbach's 
alpha for the entire RTOP instrument was a= 0.81 This reliability value is slightly lower 
than a= 0.97 reported by the developers (Sawada et al., 2002). The Cronbach's alpha 
internal consistency scores for the STEBI-A, PSTE subset were a= 0.79 (pre) and a= 
0.84 (post). These reliability values are slightly lower than the score a= 0.92 reported by 
the developers (Riggs & Enochs, 1990). The Cronbach's alpha internal consistency 
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scores for the ISIS instrument was a= 0.96. This is slightly higher than the score a= .89 
reported by the developers (Brandon et al., 2009). 
The Guttman's Lambda 6 internal consistency scores were obtained for the RTLPI 
used to measure reformed instruction present in teachers' written science lesson plans. 
The reliability coefficients for the RTLPI pre scores was A= 0.89 and for the post RTLPI 
scores A= 0.78. Guttman's Lambda 6 scores greater than 0.70 are considered reliable 
and scores above 0.80 highly reliable (Nunnally, 1978). These scores show an acceptable 
level of internal consistency for the R TLPI as a tool for assessing reformed instruction in 
teachers ' written science lesson plans. 
The Immersion Program Background Survey and Follow-up Retrospective Survey 
The Immersion Program Background Survey was given at the start of the program 
to collect information about teacher's professional and educational background and the 
school district that they were employed at the time of the study. 
A follow-up retrospective survey was given approximately six months after the 
summer component of the immersive program. In the follow-up survey teachers were 
asked questions to determine the residual impact of the immersion program on their 
teaching practices and beliefs after returning to their classroom. Both surveys were 
administered electronically on Survey Monkey®. 
58 
Quantitative Procedures 
Science Lesson Plans 
A written science lesson plan was collected at the start (pre-immersion lesson 
plan) and completion (post-immersion lesson plan) of the immersion program from each 
of the 27 teachers involved in the study. The time interval between teacher' s writing their 
pre and post science lesson plans was approximately six months. 
Case study teachers also wrote a third science lesson plan (observation-post). The 
written observation-post lesson plan was the same lesson case study teachers were 
observed teaching in the classroom. It was submitted to the interviewer/observer 24 
hours before the scheduled classroom observation via email. 
The Protocol for Writing Science Lesson Plans 
Teachers wrote their lesson plans according to the set guidelines of the Immersion 
Lesson Plan Template. The template insured that the teachers wrote sufficiently detailed 
lesson plans that could be scored using the R TLPI with scoring rubric. The lesson plan 
template required teachers to describe: students' prerequisite knowledge, content and 
learning objectives, and other related items. The template also required that teachers 
submit a detailed diagram of their classroom layout and handouts if used (See Appendix 
G for the Immersion Lesson Plan Template). 
Teachers were also asked to submit with their pre-immersion lesson plan six 
samples of student work from their written lesson when it was taught in the classroom. 
Each sample set included: two samples of high-level student work, two samples of mid-
range student work and two samples of low-level student work. Teacher made their own 
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determination as to the level of his or her students' work. 
The post immersion lesson plan was collected at the end of the summer session. 
Teachers wrote their post science lesson plans using the Immersion Lesson Plan 
Template. This lesson plan submission did not include students' work, as it was not 
available. Handouts, if an essential part of the lesson plan were included. 
The Scoring of Teachers' Written Lesson Plans 
All of the written science lesson plans were scored using the R TLPI with scoring 
rubric. The protocol for grading the written science lesson plans was strictly defined. All 
lesson plan graders adhered to this established grading policy. The grading policy 
included: 
1) Lesson plans were not graded on inferences made by the grader only the 
information contained within the written lesson plan. 
2) In the case of the pre-immersion lesson plans, the accompanying samples of 
student work and assessments was considered part of the lesson plan and, therefore, used 
as supplemental information for grading. 
Student work and associated assessments were not available for the post-
immersion lesson plans as they were completed during the two-week immersive 
experience in the summer. The case study teachers ' observation post written lesson plans 
also did not include student work and assessments. 
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Establishing Interrater Reliability for Scoring Written Science Lesson Plans 
Interrater reliability testing involved many rounds of scoring lesson plans and 
follow-up collaborative discussions among a total of four raters at various stages in the 
process. The preliminary rounds included three raters, all involved in the development of 
the RTLPI. The testing procedure involved raters scoring random lesson plans using the 
R TLPI with scoring rubric, discussing item scores within the scorers and comparing final 
scores for consistency in scoring. This process was repeated many times until a 
reasonable level of consistency was established between raters. During this process many 
revisions on the scoring rubric were made. 
When the R TLPI was deemed consistent a baseline level of reliability tests 
between two of the raters, the researcher of this study and professor of the immersion 
program was established. A random set of fourteen scored lesson plans 23% ( 14/61) of 
the total number of written lesson plans were scored. The interrater reliability achieved 
between these two raters was Cohen' s kappa coefficient K = 0.89 (Cohen, 1960). 
A second round of reliability testing was done involving the researcher of this 
study and graduate student new to the immersion program. She had not been involved in 
the development of the RTLPI and, therefore, was not influenced by prior collaborative 
conversations about scoring lessons with the instrument. Both raters independently 
scored a random set of (12/54) 22% of pre-post lesson plans. The established inter-rater 
reliability between the two scorers was Cohen's kappa coefficient K = 0.91. 
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Once this high level of reliability in scoring was established, the researcher of the 
study completed the scoring' of the remaining pre-immersion and post-immersion written 
science lesson plans. 
Administration of Survey Instruments 
The STEBI-A instrument was administered to the teachers twice during the study: at the 
beginning and at the end of the immersion program. The time interval was of sufficient 
duration for shifts in teachers' beliefs to occur. 
The ISIS was administered to the teachers at the beginning of the immersion 
program. Teachers were not given a post ISIS at the end of the immersion program. 
Qualitative Data 
The Case Studies 
The qualitative data was collected from seven purposefully selected case study 
teachers. The case study data was used to answer research questions related the impact of 
the immersion program on teachers' use of principles of reform based teaching in the 
classroom and self-efficacy for teaching science. In addition, the case study data was 
used to examine how the key immersive design elements (KIDE) influenced teachers ' 
lesson plans and execution of these plans in their classroom. The case study reports 
consisted ofthe following items: classroom observations, interview reports and brief field 
notes. 
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Classroom Observations 
The seven case study teachers were videoed teaching a plann~d science lesson in 
their classroom. The teachers' RTOP scores were correlated with the lesson plan (RTLPI) 
scores to establish if teachers' written science lesson plans reflect their instructional 
practice in the classroom. 
Interview Reports 
The protocol for interviewing the case study teachers involved a semi-structured 
format conducted in two parts. The pre-observation component of the interview session 
lasted approximately five minutes and took place in the teachers' classroom right before 
the videoed classroom observation. The objective ofthe pre-observation questions was to 
provide a context for the observed lesson and provide background information for the 
subsequent interview session. 
Sample pre-observation questions include: 
1. What do you want your students to learn from this lesson? 
2. Can you tell me about your prior experience with inquiry teaching? 
The observation-post interview session was conducted after the observed lesson and 
lasted approximately 30-40 minutes. These interviews were conducted in the teachers' 
classroom or prep room area. 
Sample post-observation questions include: 
1. What elements of the Immersion Program (if any) had an impact on your 
knowledge of science? Can you give me some examples? 
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2. What elements of the Immersion Program (if any) had an impact on your 
understanding of inquiry? Can you give me some examples? 
The case te.achers were frequently asked during the interview session to elaborate 
on their answers and share their thoughts and experiences as needed to best answer each 
question (Patton, 2002). The interview sessions were audiotaped and lasted between 30-
45 minutes (See Appendix H for the Immersion Program Interview Questions). 
Field Notes 
Brief field notes were taken during the classroom observations. The objective of 
the field notes was to capture specific comments made by teachers or students during the 
lesson that may assist the interviewer during the follow-up semi-structured interview 
sess10n. 
Qualitative Procedures 
Classroom Observations 
Classroom observations were conducted in the spring of 2011. The seven case 
study teachers were videoed teaching a planned science lesson in their classroom. Two 
RTOP trained evaluators scored the videos of the case study teachers' science lessons 
using the RTOP. 
To assist in scoring, the RTOP website and its sample scoring sheets for low, 
medium and high reform practice classrooms were used (Pibum et al., 2000). An RTOP 
scoring rubric developed by Budd et al. (2010) was also used as a guide for scoring the 
lessons observed in the classroom. The established inter-rater reliability between the two 
scorers was Cohen' s kappa coefficient K = 0.86. Both the individual and averaged RTOP 
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scores for each of the case study teachers were reported. 
Case Study Teachers Written Science Lesson Plans 
The case study teachers submitted a third written lesson plan called the 
observation-post lesson plan. This written lesson plan was for the science lesson the case 
study teachers taught while being observed in their classroom. They wrote the 
observation-post science lesson plan according the criteria outlined in the Immersion 
Lesson Plan Template. Student work was not included. However, a diagram of the room 
layout was requested. 
Teacher Interview Reports 
The teacher interviews were conducted immediately after the classroom 
observation in the teacher' s classrooms. All seven interviews were audiotaped in their 
entirety and transcribed at a later date. 
Quantitative Data Analysis 
Analysis of Lesson Plan (RTLPI) Scores 
The teachers written pre and post lesson plan (R TLPI) scores were tested for 
reliability using the Guttman's Lambda 6 internal consistency measure. The Shapiro-
Wilk test was run to establish the normality of the total pre and post R TLPI scores. The 
results of the Shapiro-Wik test for normality showed the data set to be normally 
distributed [pre RTLPI scores (p = 0.15) and post RTLPI scores (p = 0.10)] which met 
the established criteria for parametric statistical analysis. Thus, the parametric paired 
samples t-test was used to analyze change in teachers' pre-post RTLPI lesson plan scores. 
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Analysis of the Individual RTLPI Eight Items 
Reliability statistics were also run on each of the eight R TLPI lesson item scores. 
The Shapiro-Wilk test of normality revealed that the R TLPI subset data was not 
normalized. Based on these statistical findings the individual RTLPI eight items were 
analyzed using the nonparametric Wilcoxon Signed Ranks test. 
Correlation Tests 
A series of correlation tests were run to measure the association between teachers 
(RTLPI) lesson plan total scores and extraneous variables identified in the research 
literature as having the potential to influence teachers ' instructional practice in the 
classroom. The variables tested included: teachers ' grade level of teaching, years of 
teaching, number of science courses taken at the undergraduate level and school 
economic status. McMillian and Schummacher (2006) report "correlation coefficients as 
a statistical summary of the nature of the relationship between two variables" (p. 485). 
Correlation between teachers' RTLPI lesson plan scores and their status as an 
elementary or middle schoolteacher 
The nonparametric Mann-Whitney U test was used to evaluate the hypothesis 
that elementary and middle schoolteachers' differ in their ability to write reformed based 
science lesson plans. The Mann-Whitney U test was used because it allows for the 
analysis of group data sets with unequal numbers. 
Correlation between teachers' RTLPI lesson plan scores and years of teaching 
The nonparametric Kruskal-Wallis H test was used to evaluate the hypothesis 
that teachers' years of classroom teaching influences their ability to write reformed based 
science lessons. The Kruskal-Wallis test was chosen because it allows for the analysis of 
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ordinal data of three or more data sets. The statistical test was run with teaching 
experience grouped into five categories based on years ofteaching: 0-1 years, 3-5 years, 
6-10 years, 11-20 years, and 21 years and over. 
Correlation between teachers' RTLPI lesson plan scores and number of science 
courses taken at the undergraduate level 
The Kruskal-Wallis H test was used to evaluate the hypothesis that teachers' 
prior science content knowledge influences their ability to write reformed based science 
lessons. The Kruskal-Wallis test was chosen because it allows for the analysis of ordinal 
data organized into three or more independently selected samples. The statistical test was 
run with number of undergraduate science courses grouped into five categories: 0-2 
courses, 3-5 courses, 6-8 courses, 9-11 courses, and 12-14 courses. 
Correlations between teachers' RTLPI lesson plan score and RTOP score 
The nonparametric Spearman' s rho correlation was used to determine the level of 
association between the teachers ' observation post (RTLPI) 8 item score and the RTOP 
score for the same 8 items. A strong positive correlation between the two scores would 
support the notion that the RTLPI is a valid instrument for measuring teachers ' ability to 
write reformed science lesson plans. 
A correlation test was also run between teachers' observation post (RTLPI) 8 item 
scores and the 25 items on the RTOP. A strong correlation between these two variables 
would suggest that teachers' RTPLI lesson plan scores were a reasonable quantitative 
measure of their implementation of reform teaching practices in the classroom. 
Teachers Self Efficacy Beliefs 
The STEBI-A, PSTE subset scores were analyzed using the Shapiro-Wilk test of 
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normality. The statistical value for the post PSTE (p=. 002) revealed that the data was not 
normally distributed-. Based on these findings the nonparametric Wilcoxon Signed Ranks 
test was used to analyze the pre-post STEBI-A data to determine the impact of the 
immersive professional development program on teachers' self-efficacy for teaching 
science in the classroom. 
Correlation between teacher's self-efficacy for science and their ability to write reform-
based science lesson plans 
A correlation test was run between the gains in teacher' s STEBI-A scores and their 
gains in RTLPI scores. The nonparametric Spearman's rho correlation was used. The 
reason behind running this test to determine if there was a relationship between teacher 
self-efficacy and their improved ability to write reform-based lesson plans for use in the 
classroom. A positive correlation would indicate that improved teacher self-efficacy for 
science is associated with gains in teacher' s ability to write reform-based science lesson 
plans. 
Correlation between teachers' pre- immersion Inquiry Science Implementation Survey 
scores and their pre-immersion lesson plan (RTLPI) score 
A correlation test was run between teachers ' pre-immersion ISIS scores and pre-
immersion RTLPI scores. The nonparametric Spearman' s rho correlation was used to 
determine the level of correlation that existed between teachers ' pre-ISIS score and their 
pre- immersion RTLPI lesson plan score. A strong correlation between the two variables 
would strengthen the validity of the RTLPI instrument as a quantitative tool for 
measuring teachers ' implementation of reformed teaching in the classroom. 
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Qualitative Analysis 
Interview Data 
Qualitative methods were used to analyze the interview transcripts and develop 
case study reports for the seven teachers. The transcribed interview data was coded for 
each teacher and collapsed into themes according to the set guidelines for inductive 
analysis established by Creswell and Clark (2007). The resultant themes were further 
collapsed using cross-case synthesis into emergent themes (Yin, 2009). According to Yin 
(2009) "the strength of the cross-case patterns relies strongly on argumentative 
interpretations and not numeric tallies" (p. 160). 
A cross-case synthesis according to Yin (2009) strengthens the interpretive value 
because it reveals commonalities within the group. In this study, the emergent themes 
provided insight into how the key immersive design elements (KIDE) influenced 
teachers ' knowledge of science and scientific processes. 
Member Checking 
Member checks were done to establish the validity and trustworthiness of the 
case study data (Cohen & Crabtree, 2006). A copy of each individual summative finding 
was emailed to the respective teacher so that they could assess whether the researcher ' s 
report accurately represented their experiences during the immersion program and in the 
classroom (See Appendix I). If teachers disagreed, they were asked to clarify the 
misunderstandings via email. If they agreed, they were asked to send an email stating that 
they agreed with the findings. Based on teachers' responses, findings were adjusted and 
resubmitted by to the appropriate teacher via email. This process continued until all of the 
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teachers agreed with the researcher interpretations of the their own interview report. The 
teacher agreements served as confirmation that the qualitative data of their interview 
session accurately represented their learning experiences during the immersion program. 
Potential Bias 
The potential for bias in this study exists, as the researcher was a graduate student 
working directly with participants during the immersion program. As throughout the 
immersion program prejudgment of the teacher' s plans could impact the objectivity of the 
researcher. Ary et al. (2009) reported that there is an advantage in interviewers to having 
deep understandings of the project and its participants. In this case, the researchers ' 
experience of working with the teachers provided background knowledge that may have 
lead to asking better follow up questions and better interpretation of interview responses. 
The second benefit according Ary et al. (2009) is an increased response from the teachers 
and an increased likelihood that participants will participate in data collection and submit 
to personal interviews. 
Ary et al. (2009) also identifies the disadvantage of interviewer bias that can 
occur when the interviewer's personal beliefs impacts how questions are asked or 
interpreted. However, Ary et al. (2009) argues that the benefits presented earlier 
outweigh the disadvantages. In addition, Patton (2002) states, "the quality of the 
information obtained during an interview is largely dependent on the interviewer" (p. 
341 ). Together these arguments suggest that the benefits of a working relationship 
between researcher and study subjects in this study outweighed the disadvantages. 
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Confidentiality of Data 
The twenty-seven teacher involved in this study were assigned a random 
numerical identifier that made him or her identifiable in this study. All data collected 
including surveys, lesson plans with accompanying student work, lesson plan grading 
sheets, interview notes, classroom observation evaluations sheets were stripped of any 
identifying information and labeled with the appropriate numerical code. 
Audio recordings of the case study interviews were transcribed in their entirety 
and the tapes were destroyed. The interview transcripts were stripped of any identifying 
information and labeled with a pseudo name. Video recordings of the classroom 
observations were scored and the resulting RTOP evaluations were labeled with 
numerical identifiers assigned to that teacher. No information that could identify a 
teacher, their students or the school they teach was reported in this study. All videotapes, 
audiotapes, and original documents are stored in a safe, locked area in the BU School of 
Education and will be destroyed at the completion of this dissertation. 
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CHAPTER 4: RESULTS 
This chapter reports on the overall finding related to this studies research 
questions. It describes the impact of an Immersive Professional Development Program 
(IPDP) on teachers' ability to write and implement reform based science lesson plans in 
the classroom. Further it reports on teacher self-efficacy related to teaching science. 
Chapter four concludes by identifYing how the key im:mersive design elements (KIDE) 
influenced teachers ' knowledge of science content and processes. In this chapter, as 
previously stated, teachers' ability to write reform based lesson plans is measured using 
the reformed teaching lesson plan instrument (RTLPI) 18. 
Research Question 1: What impact did an immersive professional development 
program have on teachers' ability to write reform-based science lesson plans for use 
in their classrooms? 
A parametric paired samples t-test measured changes in the teachers ' RTPLI pre-
post written lesson plan scores. The paired t-test findings (t (26) = 7.72,p < 0.001), 
indicated a significant growth in teachers ' overall ability to write reform-based science 
lesson plans after attending the IPDP19. Table 4.1 represents teachers' pre and post results 
as indicated in their RTLPI lesson plan scores. 
18 RTLP£ Reformed Teaching Lesson Plan Instrument (See Appendix D) 
19 IPDP Immersion Professional Development Program 
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T bl 4 1 P . d t t t 1 . fRTLPI a e arre - es analYSIS o ore-oos wn en esson p an scores 
RTLPI total Mean SD t df Sig (2 
tailed) 
Pre Total 12.22 6.07 
PostTotal 22.11 4.44 7.72 26 0.000***20 
***p<.001 
The Cohen's d statistical test (Cohen, 1992) revealed a large effect size of 
(d = 0. 9} indicating that 81% of the teacher's post RTLPI lesson plan scores exceeded 
their pre RTPLI lesson plan scores (See Figure 4.1 ). 
Figure 4.1 Chan e in Pre and Post RTLPI Mean Scores as a Result ofiPDP 
Pre Immersion and Post Immersion Reformed Teaching 
Lesson Plan Instrument Mean Scores for Teachers 
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Pre Immersion 
/PDP Item Analysis of the RTLPI Scores 
Post Immersion 
To more closely examine the impact of the IPDP on teachers' ability to write 
inquiry -oriented science lessons, the nonparametric Wilcoxon Signed Ranks test was 
used to conduct an item analysis of the each of the eight R TLPI item scores. 
Figure 4.2 graphically represents the pre and post mean scores for RTLPI items 1-
8 in Table 4.8. The blue bars represent pre RTLPI scores and the red bars represent post 
RTLPI scores illustrating the high degree of growth as a result ofiPDP. 
zo Sample set ofRTLPI pre and post written lesson plans (n=54) 
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Figure 4.2 Pre-Post RTLPI Individual Item Mean Score Comparison 
Pre Post RTLPI Mean Scores per RTLPI Item 
3.89 
3 
Mean score 2 
1 
0 
1 2 3 4 5 6 7 8 
Pre (blue) Post (red) RTLPI Items 
Table 4.2 shows the pre and post mean scores and statistical significance for each 
of the eight R TLPI items. 
Table 4 2 RTLPI Pre Mean and Post Mean Scores 
Pre Post Sig. 
RTLI Item: In this lesson plan Mean Mean z (2 tailed) 
Areas of Strength 
1. Instructional strategies and activities respected 
students' prior knowledge and preconceptions 1.74 3.07 3.635 0.000* ** 
2. Students are engaged as members of a learning 
community 2.59 3.89 3.264 0.001 *** 
3. Student exploration before formal presentation 2.11 3.41 3.435 0.001 *** 
4. Students seek alternative modes of 
investigation or problem solving 0.70 3.00 4.149 0.000*** 
Areas of Weakness 
5. Students use a variety of means to represent 
phenomena 1.81 2.56 2.742 0.006** 
6. Students make predictions, estimations, 
and/or hypotheses and devise means for testing 0.70 1.96 3.106 0.002** 
them 
7. Students are actively engaged in a thought 
provoking activity that often involves the critical 1.22 1.56 1.696 0.090 
assessment of procedures 
8. Students were involved in the communication 
of their ideas using a variety of means and media 1.33 2.67 3.571 .001 *** 
**p < 0.01 , ***p < 0.001 
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Specifically, the RTLPI Items 1-4 scores revealed high post scores in teachers' 
ability to design and implement student-focused lesson plans. Based on the high post 
RTPLI scores21 the Areas of Strength include: 
• respecting for students' prior knowledge and preconceptions (Item 1) 
• engaging of students as members of a learning community (Item 2) 
• allowing students to explore prior to formal presentation (Item 3) 
• encouraging students to seek and value alternative modes (methods) of 
investigation or problem solving 
Overall these "Areas of Strength" showed that the immersive professional 
development program had a significant impact on teachers ' ability to move students 
through a structured inquiry based lesson. 
Based on low RTPLI scores22 The Areas of Weakness include: 
• engaging students in predictions, estimations, and/or hypotheses and devise 
means to test them (item 6) 
• engaging students in a thought provoking activity with critical assessment of 
procedures (item 7) RTLPI item was the only RTLPI item that did not show a 
significant pre-post change after treatment (p=0.09). 
• encouraging students to use a variety of means (models drawings, graphs, 
symbols, concrete materials, manipulative) to represent phenomena (item 5) 
21 Grading system used here was developed by Rushton eta!. (2011) and modified for this study. 
Scores of 3 or above are identified as "Areas of Strength" in the teachers ' post written science 
lesson plans. 
5 Scores of less than 3 are identified as "Areas of Weakness" in the teachers ' post written science 
lesson plans. 
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• engaging students in a variety of methods of communication (item 8) 
Overall, the R TPLI Areas of weakness suggest that teachers improved in these 
areas but remained weak in moving students through higher procedures of an inquiry-
oriented lesson such as devising ways to solve a inquiry problem. 
Research Question 1.1: Is there an association between teachers written lesson plan 
scores and teachers' certification as an elementary or middle schoolteacher? 
T bl 4 3 C a e ompanson o fEl ementary an d M. ddl S h 1 T h ' R TLPI S 1 e c 00 eac ers cores 
Elementary School (N=17) Middle School (N=lO) 
RTLPI Scores Mean Rank Mean Rank z Sig. (2 tailed)* 
Pre RTLPI 13.29 15.20 0.603 0.55 
Post RTLPI 14.35 13.40 0.303 0.76 
Gains RTLPI 12.97 15.75 0.882 0.38 
The Mann-Whitney U test analysis revealed no correlation between elementary 
and middle school teachers' grade certifications and their ability to write reform-based 
science lesson plans before or after attending an Immersive Professional Development 
Program (IPDP). 
Research Question 1.2: Is there an association between years of teaching and 
teachers' ability to write reform-based science lesson plans? 
Table 4.4 provides on overview of teachers experience in the classroom as 
compared to employed Massachusetts licensed teachers. 81.5% ofthe participants had 6-
20 years of teaching experience as compared 47% of employed Massachusetts's teachers. 
These findings portray the participants as mid-career teachers with more classroom 
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teaching experience as compared to Massachusetts ' s teachers employed in the 2010 
academic school year. 
Table 4.4 Years ofParticioatin!! Teachers' Exoerience in the Classroom (N=27) 
Years Teaching #Teachers Percentile 1 Mass. Teachers' Percentile* 
0-2 2 7.5% 20% 
3-5 3 11% 
6-10 10 37% 23% 
11-20 10 37% 24% 
21-over 2 7.%% 12% 
Overall Immersion Massachusetts 
81.5% (6-20 years) 47% (6-20 years) 
*www. doe. mass. edu/research/reportsl 1211 edworliforce. doc p . 6 
The nonparametrics Kruskal-Wallis H test was conducted to assess the impact of 
teachers ' years of teaching and RTLPI lesson plan scores. 
Table 4.5 shows no significant difference in teachers' years of teaching experience to 
their pre and post R TLPI scores. 
Table 4.5 Comparison of Teachers' RTLPI Scores to Years ofTeaching 
Years teaching n Mean Rank x2 (Chi Square) df Sig. 
I. Pre RTLPI Mean Rank Scores 
0-2 2 9.25 
3-5 3 17.33 
6-10 10 9.50 
11-20 10 17.60 
21-over 2 18.25 
Total 27 7.15 4 0.13 
II. Post R TLPI Mean Rank Scores 
0-2 2 7.50 
3-5 3 14.50 
6-10 10 15.65 
11-20 10 13.25 
21-over 2 15.25 
Total 27 1.94 4 0.75 
77 
Research Question 1.3: Is there an association between teachers' written lesson plan 
scores and the number of science courses taken at the undergraduate level? 
The number of science content courses completed at the high school and 
undergraduate level is reported in this study to gauge teachers' level of science content 
knowledge. Both groups elementary and middle school teachers were exposed to a 
similar amount of science content at the high school level. However, at the undergraduate 
level, elementary teachers were exposed to less science content compared to the middle 
school teachers. Table 4.6 outlines the number of science courses teachers completed at 
the high school level and undergraduate level. 
T bl 4 6 C a e omoartson o fN b fS . urn ero ctence c ourses Tak b T h en >V eac ers 
High School Undergraduate 
Elementary School 
average 4.1 courses average 2.8 courses Teachers (n=17) 
Middle School 
average 3.9 courses average 9.9 courses Teachers (n=lO) 
The results ofthe Kruskal-Wallis H statistical test on teachers' number of 
undergraduate course taken and RTLPI scores showed no correlation (See Table 4.7). 
This suggests that differences between elementary and middle schoolteachers science 
content knowledge did not affect their ability to write reformed science lesson plans. 
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bl 4 7 c Ta e ompanson o fRTLPI S cores an d N b fU d d t s . urn ero n erg_ra ua e ctence c ourses 
Number of Undergraduate n Mean Rank x2 (Chi df Sig. 
Science Courses Square) 
0-2 8 14.19 
3-5 7 15.21 
6-8 3 8.33 
9-11 5 14.80 
12-14 4 14.75 
Totals 27 1.784 4 0.78 
(Compared to Pre RTLPI 
scores) 
0-2 8 15.00 
3-5 7 11.43 
6-8 3 14.33 
9-11 5 15.40 
12-14 4 14.50 
Totals 27 1.038 4 0.90 
(Compared to Post RTLPI 
Scores) 
Research Question 2: What impact did an immersive professional development 
program have on teachers' implementation of reform-based teaching practices in 
the classroom? 
Research question two focuses on findings related to case study teachers. 
The professional profile of this group of teachers is outlined in Table 4.8. 
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Table 4.8 Professional Profile ofthe Case Study Teachers (n=7) 
Teacher Years of Grade Highest Education Prior Professional 
Immersion Teaching Level Degree Development in 
Course Taught Science 
Betty Elementary Masters Education Museum of Science 
16 2nd grade (BA Other) Engineering is 
IGE 2010 Elementary 
Fran Middle Masters Education 1 day professional 
17 7'11 grade (BA SPED) development 
IGE 2010 workshops 
Gerri Middle Masters Education 1 day professional 
11 81h grade (BS Biology) development 
IGED 2010 workshops 
Laurie Middle Masters Chemistry 1 day professional 
15 7th grade (BS Chemistry) development 
IGE 2010 workshops 
Louise Elementary BA Elementary B U Immersion 
10 4th grade Program 
IGED 2010 IGE 2009 
Yolanda Middle Masters Education 1 day professional 
12 8th grade (BS Biology) development 
IGE 2010 workshops 
Harriet Elementary Masters Education BU Immersion 
14 51h grade (BA Education) Program 
IGED 2010 IGE 2009 
Case study teachers' RTOP scores 
The RTOP scores for the seven case study teachers are listed in Table 4.9. 
Table 4.9 Case Study Teachers ' RTOP Scores 
Teacher Elem/Mid RTOP scores (2 Average RTOP score 
(pseudonym) raters) 
Betty* E 76, 74 75 
Fran M 58,62 60 
Gerri** M 35,39 37 
Laurie M 55,51 53 
Louise* E 86, 84 85 
Yolanda M 55,59 57 
Harriet* E 78, 79 78 .5 
*highest R TOP scores **lowest RTOP score 
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The classroom observation scores provided a measure of the case study teachers' 
use of reform-based instruction in their classroom after attending the Immersive 
Professional Development Program (IPDP). The averaged RTOP scores for videotaped 
lessons of the seven teachers' teaching in the classroom ranged from 37 to 85. Based on 
this established criteria23 , all the case study teachers with the exception of Gerri 
demonstrated reform based teaching when observed teaching a science lesson in their 
classroom. 
Betty, Harriet and Louise achieved the highest RTOP scores. What sets this 
group apart from the other case study teachers is that they completed an intensive inquiry 
based professional development course prior to participating in this study. During the 
interview sessions, they commented that having a second opportunity to be actively 
involved in inquiry bas,ed investigations had a significant impact on their ability to 
improve their understandings of how to implement inquiry instruction in the classroom. 
Gerri (81h grade) was the only observed teacher to receive an RTOP score that 
was below 50. Gerri's comments in the interview suggest that the immersive program had 
a positive impact on her knowledge of reformed instruction. However her concerns about 
preparing her students for the 81h grade MCAS suggests that pressure to "cover the 
science content" made it difficult for her to move away from direct instruction to inquiry 
based teaching or even trying out new ideas in the classroom. 
23 An observed lesson is considered reformed teaching when the R TOP score is greater than 50 
(Macisaac & Falconer, 2002). 
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2.1. Is the RTLPI score a good predictor of a teacher's inquiry-oriented 
instructional practice in the classroom? 
Correlations between teachers' written lesson plan scores (RTLPI) and classroom 
observation scores (RTO~) 
Correlations were run on case study teachers ' written lesson plan scores and their 
classroom observation scores of the same lesson. The purpose of these correlation tests 
was to assess if these teachers ' written lesson plans accurately reflect their 
implementation of reform-based teaching in classrooms. The average of the two raters ' 
RTPLI lesson plan scores were correlated to the average of the two raters' RTOP scores 
for the all 8 items. A nonparametric Spearman correlation was computed (r = 0.75 , p = 
0.054). Then the average RTLPI lesson plan scores were correlated with the average 
RTOP scores for a1125 RTOP items (r = 0.85, p < 0.05). See Figures 4.3 A and B for an 
explanation of the corrections. 
Figure 4.3 A. Correlation ofRTPLI observation post scores and RTOP 8 items (n=7) 
B. Correlation ofRTPLI observation post scores and RTOP 25 items (n=7) 
RTOP 8 Item Scores and RTLPI 
Observation Post Scores (n=7) 
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The scatter plots in Figure 4.3 A and B identified Harriet's score distant from the 
generated regression line and identified as an outlier.24 Thus it was removed and a second 
correlation was run (Figure 4.4 A and B). A significant positive correlation was found 
between the average RTPLI observation post scores and the 8 RTOP scores (r = 0.90, p < 
0.05). A significant positive correlation was also found between the average RTLPI 
observation post scores and the RTOP 25 scores (r = 0.98, p < 0.01). 
Figure 4.4 A. Correlation ofRTPLI observation post scores and RTOP 8 item (n = 6) 
B C 1 . fRTPLI b . dRTOP25. orre atwn o o servatwn post scores an Item (n = 6) 
RTOP 8 Scores and RTLPI RTOP 25 Item Scores and RTLPI 
Observation Post Scores (n=6) Observation Post Scores (n=6) 
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The strong correlations between the case study teachers' lesson plan scores and 
their classroom observation RTOP score suggests that teachers ' written lesson plan 
scores is an accurate reflection of their implementation of reformed teaching practices in 
the classroom. Based on these findings the immersive program had a positive impact on 
K-8 teachers' implementation of reform-based lessons in the science classroom. 
24 The case study teacher (Harriet) provided a brief lesson plan that scored low but was then 
observed teaching her class with methods that strongly aligned with the RTOP. 
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2.3 What principles of reformed teaching did a select group of teachers implement 
in the classroom after attending an immersive professional development program? 
The qualitative data was coded, organized into emergent themes based on 
teachers' reported use of reformed practices in the classroom according to the researcher 
of this study. The emergent themes are displayed in relation to the RTOP principles of 
reformed teaching (Sawada et al., 2002). See Table 4.1 0. 
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Table 4.10 Adapted from RTOP Principles of Reformed Teaching (Sawada et al., 2002) 
Reformed Sample Codes Emergent Themes 
• More flexibility in how students do an 
experiment Teacher uses inquiry to 
1. Reflects the • More focus on students collecting, recording and improve students ' 
processes of presenting data knowledge of science 
scientific • More time spent on "doing" vs. teacher telling content and processes 
inquiry • More time for students to make predictions "Science as a way of 
before direct instruction knowing" 
• Students using data to support science 
knowledge 
Teacher encourages 
2. Respects • An emphasis on including students ' prior students to make 
students ' knowledge/everyday experiences into lessons connections between their 
existing • Adding local science related topics into lessons science knowledge and 
knowledge • Including student interests and abilities in experiences 
lessons 
• Encouraging students to express their creativity Students, knowledge, 
• Adjusting planned lessons in response to interests and abilities to 
students knowledge, interest and abilities influence the direction of 
the lesson 
3 .Emphasizes Three teachers provided evidence of actively Betty, Harriet, and 
active student engaging student at the guided level of inquiry. Louise only 
engagement 
4. Recognizes • More science talk between students Teacher provides 
that student • Students presenting to the class opportunities for students to 
learning does • Students sharing ideas within groups/and in work together in groups 
not occur in other groups (sharing ideas, presenting to 
isolation • Sharing findings with other students not just the the class) 
teacher 
• Whole class sharing of ideas 
5. Engages No reference to encouraging students to critically 
students in assess their own procedures. 
critical Example: no discussion of students reexamining None 
reflection of their data and/or methodology 
their work 
6. Teacher acts • Using guiding questions Teacher shifts the focus of 
as facilitator of • More use of technology PHET simulations the lesson from teacher 
student learning • Student driven/student focused telling to guiding student 
• More time for students to find solutions to learning 
problems 
All of the case study teachers described situations in their classrooms that 
demonstrated that they knew how to effectively design a lesson to engage students in 
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inquiry-oriented activities. These teachers could talk about how to design an inquiry 
lesson. However, these teachers' ability to effectively implement an inquiry lesson 
varied. Only Betty, Harriet and Louise provided evidence to confirm that they 
implemented lessons that actively engaged students in higher level thinking during 
guided level inquiry investigations. Coincidentally, these three case study teachers had 
also attended a prior immersive professional development course. 
Time Constraints a Potential Limiting Factor in Teachers Writing and Implementing 
Reform 
The qualitative case study reports provided evidence to suggest that the limited 
time spent on the immersion course may have been a contributing factor related to 
teachers ability to write and implement reform-oriented lessons that engaged students in 
higher-level inquiry processes. The participating teachers were expected to design, 
construct, collect and analyze data, and then report findings from their immersion project 
within a two-week time frame. Most teachers reported being unable to fully engage in all 
aspects of the inquiry experience due to the limited time they had for new learning. 
Teachers reported feeling frustrated by not having sufficient time to revise or reconstruct 
their experimental design, while simultaneously working on the final stages of their 
immersion project. As a result, they missed out on the learning that occurs when 
scientists go through the process of critically assessing and reconstructing their work. 
Recognizing that K-8 teachers have weak science content knowledge (Banilower et al. , 
2013; Fulp, 2002; Rice, 2005; Weiss et al. , 2003) and lack personal experience in the 
scientific research (Lederman, 1992; Loucks-Horsley et al., 2003; Windschitl, 2002) it 
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suggests that the time limitations do impact teachers ' ability to understand the higher 
order inquiry investigation. 
The two-week time constraints also meant that the immersion instructors had 
limited opportunities to help teachers make meaning of what they learned during their 
investigations as a learning community. Schwartz et al. (2004) identified the importance 
of explicit instruction during inquiry based professional programs and underscores its 
role in developing teachers' knowledge of the cognitive pr<?cesses of an inquiry 
investigation. Thus it is not surprising the " higher levels of inquiry processes" or "critical 
assessment of procedures" were not represented in teachers' lesson plans after attending 
the IPDP. 
Research Question 3: What impact did an immersive professional development 
program have on teachers' self-efficacy for teaching science? 
The STEBI-A, PSTE25 scores revealed significant gains in teacher self-efficacy as 
a result of attending the immersion program. 
T bl 4 11 G . . T h S lf Effi a e amsm eac er e - 1cacy 
STEBI-A N Mean SD z Sig. (2 tailed) 
PSTE pre 27 29.22 5.57 
PSTE post 27 3852. 4.17 4.55 0.000*** 
***p<.OOl 
3.1 Is there an association between teacher's self-efficacy for science and their 
ability to write reform-based science lesson plans? 
A strong positive correlation was found (r = 0.924, p < 0.01) between the teacher's 
25 STEB£-A Instrument used to quantitatively measure teacher self-efficacy 
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gains in self-efficacy and their ability to write reformed science lesson plans. 
Fi ure 4.5 Correlation between STEBI-A Gains and RTLPI Gains 
RTLPI Gains and STEBI-A (PSTE) Gains 
18 
16 
RTLPI 14 
Gains 12 
10 
8 
6 
4 
...... 
• ~ t .......... : .... ____ ..... 
.... 
~·~ 
~· .... 
........... ~ · :...;---
-5 0 5 10 15 20 25 
STEBI-A (PSTE) Gains 
These findings suggest that improving teacher's self-efficacy in relation to 
science can have a positive impact on their ability to plan reformed based instruction for 
their classroom instruction. 
A retrospective online questionnaire was given to teachers via SurveyMonkey® 
six months after their successful completion of the immersion program. The results 
indicate that teachers' confidence in their ability to effectively teach science content and 
their use of inquiry in the classroom was sustained after completion ofthe course. 
Table 4 12 Retrospective Questions Regarding Teachers' Beliefs (N=27) 
Item on Mean SD Mean SD Z 
Self-report questionnaire Before Before After After Score 
(Survey Monkey®) 
My confidence in my ability 
to effectively teach science 3.63 .93 4.30 .78 3.69 
content in my classroom 
My confidence in my ability 
toeffectivelyuseinquiryin 3.19 1.04 4.11 .85 4.18 
my classroom 
***Significant at p< .001 
Sign 
(2-tailed) 
.000*** 
.000*** 
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3.2 How did the immersive professional development influence teacher self-efficacy 
for science? 
Qualitative data from the case study teachers' interviews provided evidence to 
suggest how the immersive professional development design model may have facilitated 
positive change in teachers ' self-efficacy for science. They are having opportunities to: 
• improve science content knowledge (mastery experiences) 
• work collaboratively with other teachers (social persuasion). 
• work on a deep inquiry-based projects using science equipment (mastery 
experiences) 
• observe others' successes doing a science task (vicarious experiences) 
Research Question 4: How did the key immersive design elements influence a select 
group of teachers' knowledge of science and scientific processes? 
To answer research question four qualitative data was coded according to teacher 
reported changes in their knowledge of scientific processes as a result of attending the 
Immersive Professional Development Program. Teachers reported changes were 
collapsed into emergent themes. The emergent themes were then categorized according to 
the Key Immersive Design Elements (KIDE) outlined by Loucks-Horsley et al. (2003) p. 
195-196 and shown in Table 4.13. 
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bl 4 13 K I Ta e ey mmers1ve D . El es1gn ements 
Key Immersive Design Teacher Reported Changes in 
Elements (KIDE) Science Knowledge Emergent Themes 
• how to generate a testable research • Gains in teachers 
question knowledge of scientific 
I . "Teachers are immersed • there is no " right" way to do science inquiry 
in an intensive learning • design an experiment: formulate a 
experience ... where they question, collect and analyze data • Gains in teachers 
participate fully in the • the importance of collaboration in a knowledge of the nature 
generation of investigable scientific investigation of science 
questions, plan and 
• scientific method is not a linear 
conduct investigations" model • Unveiling teacher (p. 195) 
• science is a creative process misconceptions about 
• presenting ideas is a fundamental the scientific process 
part of science 
• Gains in teachers 
• how to use technology to teach science content 
2. "Teachers are immersed science content knowledge through 
in an intensive experience • how to gain confidence in their collaborative 
in which they focus on ability to teach science content interactions 
learning science and are • how to teach science content using 
able to pursue content in inquiry based methods • The importance of 
depth" (p.l95) teachers learning 
science content at their 
own pace 
3. "Teachers are engaged • using questions as a means to engage 
in firsthand learning of their thinking about science 
what they are expected to • how to implement inquiry activities • Gains in teachers ' 
practice in their in the classroom knowledge of how to 
classrooms-guiding • the importance of peer collaborations teach science using 
students through to improve student learning i.e. scientific inquiry 
inquiry-based science" group work, discussions, 
(p. 195) presentations • The importance of 
[Teachers learn in the • empathy for students struggling with Socratic dialogue as an 
ways that they are expected inquiry based science effective tool for 
to teach their students] teaching/learning 
science 
• science is a creative experience 
• scientific data is influenced by prior • The need for extended 
4. "Teachers' conceptions knowledge and personal experiences intensive professional 
about science and teaching • science learning involves development 
change as a result of the individuals working together to share opportunities for K-8 
experience" knowledge teachers to develop 
(p. 195) • there are multiple ways to approach deeper understandings 
solving a problem ofthe inquiry process 
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CHAPTERS 
SUMMARY, CONCLUSIONS & IMPLICATIONS 
In Chapter One, I discussed the need for further research related to professional 
development programs that can improve K-8 teachers ability to engage their students in 
scientific inquiry. Educational researcher and reformers suggest that to reach this goal, 
teachers need opportunities to learn science knowledge in a way that models how 
students are expected to do science in a collaborative environment that fosters learning. 
The findings from this study in science education suggest that the principles that 
guide reform for K-8 student learning should also guide how professional development is 
structured for teachers. Further, this study suggests that K-8 teachers benefit from being 
immersed in a learning environment that is inquiry driven, collaboratively based, and 
supportive of improving their self-efficacy for learning science. Specific factors appear to 
support teachers' implementation of inquiry-driven instruction in the classroom. 
LEARN, EXPERIENCE & PLAN 
Time to Learn Science 
Time to Experience Inquiry Learning 
Time to Plan Reform Based Lessons 
IMPLEMENT PRACTICE (DOING) 
Practice in Reform Instruction 
Collaboration to Use New Strategies 
The remainder of this chapter draws conclusions related the four research 
questions and discusses implications of the fmdings. Suggestions for future research 
complete the chapter. 
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Conclusions 
The quantitative and qualitative findings related to the first two research questions 
reveal that the Immersive Professional Development Program (IPDP) conducted at 
Boston University did have an impact on improving K-8 teachers ' ability to plan, write 
and implement reform-based science lessons in their classroom. The quantitative 
findings specifically address the first research question offering data indicating 
significant growth in teacher' s abilities to write reform-based science lesson plans. 
The large effect size revealed that teachers post lesson plan scores exceeded their pre-
immersion lesson plan scores by 81%. The written lesson plan findings confirm the basic 
premise of Loucks-Horsley et al. (2003) that a high quality professional development 
program grounded in key immersive design elements can have a significant impact on K-
8 teachers ability to write reform oriented science lessons. 
Research Question 1: What impact did an immersive professional development 
program have on teachers' ability to write reform-based science lesson plans for use 
in their classrooms? 
Additionally, the quantitative data from this research study provides specific strengths 
and weaknesses in the way teachers write lesson plans after they complete a professional 
development course which exposes them to reformed based teaching in science. The 
following chart outlines specific findings related to the changes noted in the way this 
group of teachers improved their abilities to write science lesson plans. 
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Areas of Strength Areas of Weakness 
Valuing students ' prior knowledge Encouraging students to use a variety of means 
to represent phenomena 
Engaging students as a learning community, Having students make predictions, estimations, 
and/or hypotheses and testin_g_ them 
Emphasizing student exploration vs teacher Involving students in communicating their 
telling ideas using a variety of means and media. 
Providing .students with a question to develop Engaging students in the critical assessment of 
alternative methods of problem solving. the procedures of a lesson 
This study findings, overall, supports reformers claims that high quality 
professional development programs that immerse K-8 teachers in inquiry based science is 
effective in improving teachers' ability to construct reform-oriented learning experiences 
for their students (Darling-Hammond, 2004; Loucks-Horsley et al., 2003; McLaughlin, 
2011). It further suggests that if teachers experience "inquiry based science" as learners 
themselves, then they can learn to teach using inquiry based methods in their classrooms 
Research Question 2: What impact did an immersive professional development 
program have on teachers' implementation of reform-based teaching practices in 
the classroom? 
Further, case study fmdings indicated that K-8 teachers need more support and 
more time to: 
• 
• 
• 
• 
learn how to plan inquiry based science lessons; 
move beyond planning lessons to doing inquiry based teaching; 
then move students beyond structured inquiry lessons to 
actively engage students in higher order scientific reasoning . 
93 
These highly salient findings warrant future attention in the next generation of Immersive 
Professional Development Programs (IDPD) since this level of inquiry instruction is 
expected of all K-8 teachers according to the National Science Education Standards 
(NRC, 1996, 2000). 
Research Question 3: Did the immersive professional development program (IPDP) 
impact teachers' self-efficacy for teaching science? 
The findings in this study also reveal a sequential process for how the IPDP 
encourages positive change in teachers' self efficacy for teaching science. 
How Immersion Improves Teacher Self Efficacy 
l.lmproves 2. Fosters a 3. Fosters 4. Demonstrates 
science content learning to work generating ideas how to engage 5. Provides 
knowledge with other about teaching students in inquiry motivation to learn 
teachers science from after observing 
teacher groups others using new 
strategies 
Furthermore, the findings revealed strong connection between teachers' gains in self-
efficacy for teaching science and their willingness to translate what they learned into 
reform measures for the classroom. This finding has strong implications for science 
education that is focused on improving K-8 curriculum instruction. Teaching using 
reform-based methods is difficult and therefore teachers need to feel confident in their 
science content knowledge and skills in order to risk implementing new instructional 
practices in the classroom. 
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Research Question 4: How did the key immersive design elements (KIDE) influence 
teachers' knowledge of science and scientific processes? 
The findings related to this research question suggest that providing teachers 
with the opportunity to learn science in a manner that reflects how they are expected to 
teach science does have a positive impact on their knowledge of science and scientific 
processes. Specifically, the case study data collected from the teachers' interviews 
suggest four ways in which teachers benefited from attending the IPDP. 
Teachers attending IPDP benefit from: 
Being immersed in Participating in an Having instructors Working collaboratively 
"doing" inquiry science intensive learning model inquiry based with other teachers 
experience teaching strategies such 
Learning science as: Socratic questioning Sharing ideas both 
content from experts in Being in a supportive Peer review informally (in groups) 
fields of science learning environment Collaborative sharing and formally 
(presentations) 
Learning how to teach Being engaged in the 
science from experts in Attending and engaging processes of learning 
science education in a program that has science versus a one size Working collaboratively 
high academic fits all model of learning with professional 
expectations educators to improve 
Explicit and implicit Experiencing instructor instruction in the 
instruction on the model effective classroom with a wide 
inquiry process strategies for teaching range of student learners 
sctence 
Explicit and implicit 
instruction on the nature 
of science 
Loucks-Horsley et al. (2003) suggests that teachers, as students, learn science 
content best when they have the opportunity to pursue science content in depth in a 
collaborative environment in the presence of experts in science. The case study teachers ' 
comments suggest that this is true. Teachers reported that they learned much more 
science content from observing their colleagues present their work both formally and 
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informally during the course. Many reported that these collaborative experiences had a 
direct impact on their devoting class time for their students to present their science 
knowledge to their peers. These findings suggest that providing teachers with the 
opportunity to work collaboratively with other educators had a strong impact on 
improving: 
• their knowledge of science content 
• their understanding of the nature of science and 
• their motivation to teach science using collaborative methods in the 
classroom. 
Educational Implications 
The implications of this study for professional development designers, 
researchers, and instructors are presented in this section. 
To change teachers' practices in the classroom professional development programs need 
to: 
1. Involve teachers in learning experiences that reflect how they are expected to 
teach science with their students. 
2. Provide teachers with opportunities to learn science content and processes using 
explicit and implicit instruction in scientific inquiry. 
3. Focus on deepening teacher's science content knowledge. 
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4. Design professional development programs that extend the amount of time 
teachers are immersed in scientific investigations that reflect the nature of 
scientific research. 
5. Provide follow-up opportunities for teachers to maintain collaborative 
relationships with other teachers in the program. 
6. Provide opportunities for teachers to improve their self-efficacy for science. 
7. Provide K-8 teachers with learning experiences that challenge their conceptions 
about the processes inherent to science so that they, and subsequently their 
students, will have more accurate understandings of the nature of science. 
· Implications for Research 
The implications for future research are presented in this section. The value of the 
Reformed Teaching Lesson Plan Instrument with Scoring Rubric is outlined. 
1. Written lesson plans can provide considerable information about the knowledge 
teachers' gained during a professional development program and how they intend 
to translate that knowledge into their classroom. 
2. The RTLPI with scoring rubric is a useful quantitative tool for measuring change 
in teachers' planned use of reformed instruction after attending a reform based 
professional development program. (Although it is not a valid or reliable 
instrument it is based on the RTOP, which is valid and reliable). 
3. Recognizing that classroom observations are time consuming and expensive, the 
RTLPI with scoring rubric provides an alternative means for quantitatively 
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assessing K-8 teachers knowledge of reformed instruction after attending a 
professional development program in science. 
Clearly an area of future research is to develop a reliable and valid quantitative 
instrument for evaluating K-8 teachers ' science content knowledge. However, 
standardized means for evaluating K-8 teachers' science content knowledge are 
currently unavailable to researchers so there is a need to generate new instruments 
for measuring this. This individualized approach to evaluating K-8 teachers 
content knowledge makes it impossible for researchers to compare findings and 
develop a clear understanding of the impact of professional development 
programs on teachers' learning. Work is needed in this ar~a. 
Limitations 
The findings from this study suggest that the immersive professional development 
program offered at Boston University had a significant impact on in-service K-8 teachers 
ability to write and implement reform based science lesson plans and their personal self-
efficacy for teaching science. The limitations inherent to this study are the following: 
1. The self-selection of teachers participating in this study limits the overall 
significance of the data. The twenty-seven K-8 teachers who participated in this 
study chose to spend two-weeks oftheir summer break to improve their science 
teaching. This means that they were highly motivated and eager to translate what 
they learned about science content and process into the classroom. 
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2. The seven case study teachers were purposely chosen based on the probability 
that they would implement reformed lesson in the classroom. A purposeful 
selection model can offer observational feedback about whether teachers' who 
claimed to change their instructional practice in fact demonstrated this change in 
the classroom. There was little point in selecting teachers that reported that they 
would not implement reform measures in their classroom. This selection process 
did not rule out teachers that scored poorly on the R TLPI. 
3. Another limitation comes from the inherent difficulties ofassessing the impact of 
a treatment on any group of in-service teachers. All of the participants came into 
the immersion program with different educational, social and personal 
backgrounds. In addition, the demographics of their schools, their grade levels, 
and their classrooms are different. As a result it is impossible to rule out the 
impact of extraneous variables on teachers' decisions to plan and implement 
reformed instruction in their classroom. 
4. One set of written lesson plan scores provided a narrow view of teachers' 
instructional practices in the science classroom. A single lesson could have 
received a low score based on many reasons that were independent of the 
teacher's ability or willingness to implement reform in their classroom. 'This 
limitation also pertains to the video recording of a single lesson. 
5. The RTLPI with scoring rubric has not been tested for validity or reliability. 
However, the fact that it is based on the RTOP, which is a valid and reliable tool 
adds credibility to the lesson plan fmdings reported in this study. The 
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triangulation ofthe RTLPI lesson plan scores with the case study reports also 
adds strength to the written lesson plan findings. 
5. Two members of the Immersion Program were directly involved in the scoring of 
teachers ' lesson plans and classroom observations. One was an instructor of the 
courses and the second a teaching assistant and researcher in this study. Both 
researchers could have introduced bias in the research findings. The instructor of 
the course may have allowed his personal knowledge of the teachers to influence 
his scoring of the written lesson plans and classroom obser-Vations. The program 
assistant/researcher worked directly with all the teachers during of the program. In 
addition, she video recorded and interviewed all of the seven case study teachers. 
This social interaction may have introduced potential bias into the research 
fmdings presented in this study. The personal relationship between the researcher 
and the case study teachers may have also encouraged them to teach or report 
teaching in ways that they perceived were the objectives of the study. The use of 
both quantitative and qualitative data served to reduce this potential researcher 
bias. 
Although the significance of the research findings presented in this study are 
limited, they do provide valuable insight for other educational researchers interested in 
designing effective reform based professional development programs for K-8 teachers in 
science. 
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Future Research 
Prior research findings on the immersion program26 have reported changes in K-8 
teachers ' science content knowledge, understanding of the nature of science, self-
efficacy, and ability to write science lesson plans as a result of their participating in this 
program. This study expanded upon prior research findings by providing information 
regarding how the immersion program influenced teachers ' planning and implementation 
of reformed instruction in the science classroom. Combined, these research fmdings 
suggest two avenues of future research outlined below. 
1. How can K -8 educators stay current in science content and in research-based 
teaching? 
The immersion program findings draw attention to the continual need to improve 
K-8 teacher' s knowledge of science content and processes. Teachers need to be 
prepared to implement reform-oriented lessons in the classroom that meet the new 
guidelines outlined in the Next Generation Science Standards (NRC, 2013). 
2. How does high quality professional development for science teachers correlate 
with K-8 student learning and achievement? 
A natural extension of the research findings presented here is to examine the 
impact of the immersive professional development design model on students ' 
achievement on standardized science test scores such as the MCAS. Many 
researchers have suggested a relationship between high quality professional 
development programs and student achievement (Cohen & Hill, 2000; Guskey, 
26 Allen eta!., 2013 ; Nolan eta!. , 2009, 2010, 2011, 2012. 
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2003; Kennedy, 1998, 1999). Obtaining student-level data for the teachers who 
participated in the program studied here would substantiate the value of 
immersive professional development. 
Future research in these areas will contribute to our ability to design effective 
professional development programs for improving K-8 teachers implementation of 
reformed instruction in the science classroom. This in turn will improved K-8 students ' 
knowledge of science content and processes and meet the learning objective of the 
national science standards (NRC, 1996; 2013). 
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A cppen IX : d' A I 'G mmerswn m reen E ne~ S h d I c e u e 
Immersion in Green Energy (IGE) 
Pre-Immersion Sessions Laboratory Investigation Topics 
1 Detecting and Measuring Motion 
2 Conserving Potential and Kinetic Energy 
3 Specific Heat 
4 Mechanical E_guivalent of Heat 
5 Generators and Motors 
Immersion Days Program Outline 
1 Teacher presentations on power generation. 
Laboratory investigation of electric generators. 
2 Laboratory investigations of simple electrical 
circuits. 
3 Lego construction of energy producing models. 
4 Construction of Lego generators powered by 
wind and hydropower. Team presentations 
about their constructions to their peers. 
5 Teams begin immersion project investigations. 
Teams develop research question/hypothesis to 
present to instructors . Group lunch with 
roundtable discussion for feedback. 
6 Teams present instructors with abstracts about 
their project proposal for review by the 
immersion instructors. Laboratory 
investigations continue. 
7 Teams complete projects. Begin preparing 
reports and presentations. Field trip to energy 
efficient building. 
8 Teams plan and start writing curriculum 
projects. 
9 Teams continue writing curriculum projects 
and presentations. 
10 Teacher presentations of immersion project 
investigations and curriculum projects. Group 
lunch with roundtable discussion with teachers. 
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d" B I App_en IX : . Gl b IE mmers10n m o a nergy_ n· t ·b r IS ri U IOD OU tli ne 
Immersion in Global Energy Distribution 
Pre-Immersion Sessions Laboratory Investigation Topics 
1 Heat energy and transfer 
2 Axial tilt and reflectivity on the seasons 
3 Light spectrum and energy 
4 Greenhouse Lab 
5 Saltwater, Freshwater, Temperature and 
Density: Inducing Convective Currents 
Immersion Days Program Outline 
I Carbon, water, and combustion. Specific heat. 
Latent heat. 
2 Teachers ' presentations on topics regarding 
global energy distribution 
3 Review of climate change concepts. Concept 
mapping of global energy. 
4 Teachers form teams and begin considering 
possible tabletop experiments 
5 Teams begin immersion project investigations. 
Develop research question/hypothesis to 
present to instructors. Group lunch with 
roundtable discussion for feedback. 
6 Teams present instructors abstracts about 
project for review. Investigations continue. 
7 Teams complete projects. Begin preparing 
reports and presentations. Field trip to energy 
efficient building. 
8 Teams plan and start writing curriculum 
projects. 
9 Teams continue writing curriculum projects 
and presentations. 
10 Presentations of immersion investigations and 
curriculum projects. 
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Appendix C: RTOP Lesson Plan (LP) Grading Rubric 
Based on the Reform Teaching Observation Protocol (RTOP) 
Below each item in the Lesson Plan Rubric (LPR) are italicized "comments" provided by 
the R TOP training guide. The purpose ofthese comments is to help LP scorers more accurately 
interpret the characteristics of reform teaching as recognized by the Evaluation Facilitation 
Group of the Arizona Collaborative for Excellence in the Preparation of Teachers. 
Some items list additional comments from Budd et al. (2010) as well as from the authors . 
These comments were added to assist the scorer in interpreting the items. The Lesson Plan 
Rubric like the RTOP is inten<,led for instruction at all levels, primary schools through 
university. 
Clarification ofterms in this rubric: 
In the RTOP protocol the term "means" is used in many of the items and within each of 
these item "means" has a different denotation. In an effort to improve the reliability of the 
Lesson Plan Rubric, the RTOP items that include the term "means" are identified below. For 
each RTOP item listed, our interpretation of the RTOP developers' intent is provided. 
LP item 5: Students used a variety of means (models, drawings, graphs, symbols, concrete 
materials, manipulatives, etc.) to represent phenomena. (RTOP Item #11) 
In this question "means" refers to physical representations of phenomenon students 
experienced during the lesson. Examples include: class notes, field notes, models they 
constructed, graphs, manipulatives, and drawings. 
LP item 6: Students made predictions, estimations, and/or hypotheses (PEH) and devised 
means for testing them (RTOP Item #12). 
In this question "means" refers to the methods that students use to test their predictions, 
estimations, and/or hypotheses. 
LP item 8: Students were involved in the communication of their ideas to others using a 
variety of means and media. (RTOP Item# 16) 
In this question the "means" refers to the way in which students communicate their ideas with 
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each other in the class. Examples would include: pairs, small groups, group-to-group, and 
whole class. 
The term "media" in this item refers to ways, in which students interact with each other during 
the lesson e.g. brainstorming, problem solving, and presenting to the class. 
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Lesson Design and Implementation Section Items 1-4 
1) Instructional strategies and activities respected students' prior knowledge and the 
preconceptions inherent therein. (RTOP Item #1) 
0 1 2 3 4 
Never Lesson plan is Lesson plan is Lesson plan is Lesson plan is 
occurred designed to activate designed to designed to designed to 
students' prior activate activate activate 
knowledge by students' prior students' prior students' prior 
reminding/telling knowledge by knowledge by knowledge by 
them what they asking asking asking 
already know. students about students about students about what 
what they what they already they 
already know. know already know 
with with 
No adjustment minimal significant 
of content based adjustment adjustment 
on student input of content based of content 
on student input. based on 
student input 
(e.g. throughout the 
Inform Ask Act lesson). 
Maximizes 
Comments: 
A cornerstone of reformed teaching is taking into consideration the prior knowledge that students 
bring with them. The term "respected" is pivotal in this item. It suggests an attitude of curiosity 
on the teacher 's part, an active solicitation of student ideas, and an understanding that much of 
what a student brings to the mathematics or science classroom is strongly shaped and 
conditioned by their everyday experiences (RTOP training guide). 
"Prior knowledge includes both instruction from prior classes and knowledge from everyday 
experiences. Strategies for referencing prior knowledge include everyday analogies, references to 
learning from other courses, and references to previous classes in this course. A strong class will 
activate prior knowledge before initiating relevant instruction, will adjust to prior knowledge 
levels, and will activate prior knowledge in specific contexts throughout the lesson" 
(Budd et al., 2010). 
To infer in a lesson plan that a teacher adjusts content/and makes use of students' input requires 
that the lesson plan contains: evidence of flexibility within the lesson plan which suggests that the 
teacher has the intent to adjust the content according to students ' unfolding prior knowledge. 
Also evidence that student input (e.g. student answers to open ended questions) is required for the 
lesson to reach the stated learning objectives. 
Level 4: Requires that student input (derived from the activation of students' prior knowledge) is 
fundamental to the lesson achieving the learning objectives planned. 
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2) The lesson was designed to engage students as members of a learning community. 
(RTOP Item #2) 
0 1 2 3 4 
No Lesson plan Lesson plan Lesson plan Lesson plan 
evidence provides provides provides provides 
limited continual interaction continual continual student-
interaction between interaction between student interaction 
between teacher teacher and students teacher and teacher acts as a 
and students (e.g., students students facil itator 
(e.g., some directing thoughtful and 
rhetorical questions to the limited 
questions with teacher, teacher student-student 
shout out responding to interaction. 
opportunities, questions asked by 
and/or students). (dominant theme of (dominant theme 
clarification the LP is teacher- ofthe LP is 
questions). student interaction) student-student 
interaction) 
and/or limited 
student-student 
interaction. 
Continual 
teacher-students Limited 
interaction student -student Continual 
Limited teacher- interaction student -student 
students interaction 
student -student 
interaction 
Comments: 
Much knowledge is socially constructed. The setting within which this occurs has been called a 
"learning community." The use of the term community in the phrase "the scientific community " 
(a "self-governing" body) is similar to the way it is intended in this item. Students participate 
actively, their participation is integral to the actions of the community, and knowledge is 
negotiated within the community. It is important to remember that a group of learners does not 
necessarily constitute a "learning community " (RTOP training guide). 
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3) In this lesson, student exploration preceded formal presentation. (RTOP Item #3) 
0 1 2 3 4 
No Exploration* Exploration Exploration Exploration precedes 
exploration precedes new precedes new precedes new new content 
preceding content content content 
teacher LP provides 
explanation LP provides LP provides full LP provides full 
of new limited exploration full exploration 
content exploration students are exploration students are 
(limited in encouraged to students are encouraged to 
Teacher quality or work together, encouraged to work work together, to ask 
provides quantity) to ask probing together, to ask probing questions 
answers, tells (e.g. , students questions that probing questions that 
students how don' t interact re-directs their that re-directs their 
to work with each thinking. re-directs their thinking. 
through a other, teacher thinking. 
problem, intercepts their Teacher acts as a 
gives the ability to draw Teacher acts as a Teacher acts as a consultant for 
facts or conclusions, consultant for consultant for students. 
solutions to a not enough students. students. 
problem , or time/material LP provides students 
leads students is provided for LP provides LP provides with a way to make 
on a step-by- students to students with a students with a way connections to the 
step solution). make any way to make to make content objectives. 
meaningful some/limited connections to the 
conclusions) connections to content objectives . LP does 
the content provide students 
objectives. LP does not with a way to tie 
provide students their exploration 
with a way to tie to the larger 
their exploration to conceptual 
the larger framework. 
conceptual 
framework. 
Limited Complete 
opportunities Opportunities but opportunities 
lacking full follow-
through 
Comments: 
Reformed teaching allows students to build complex abstract knowledge from simpler, more 
concrete experience. This suggests that any formal presentation of content should be preceded by 
student exploration. This does not imply the converse ... that all exploration should be followed by 
a formal presentation (RTOP training guide) 
*Exploration can include mental exploration such as students brainstorming. 
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4) This lesson encouraged students to seek and value alternative modes (methods*) of 
investigation or of problem solving. (RTOP Item# 4) 
0 1 2 3 4 
No LP has teacher LP has teacher LP has teacher LP has students 
alternative providing students providing students providing students generate 
methods with with with their own open-
explored, open-ended open-ended open-ended ended 
e.g., question(s ). question(s) question(s). question(s ). 
students and 
follow a multiple 
singular appropriate 
method methods 
given to of investigation or 
them by the problem solving. 
teacher: lab 
handout/ The students 
worksheet The teacher choose The students The students 
disseminates from one generate generate 
method(s) of ofthe teacher's their own method their own 
investigation method of of investigation method of 
or problem solving. investigation or problem investigation 
or problem solving. or problem 
solving. solving. 
teacher tells Teacher provides Teacher provides Students 
method(s) and students generate Students generate 
of investigation choose from method of question and 
teacher' s investigation. method of 
method (s) investigation 
of investigation 
Comments: 
Divergent thinking is an important part of mathematical and scientific reasoning. A lesson that 
meets this criterion would not insist on only one method of experimentation or one approach to 
solving a problem. A teacher who valued alternative modes of thinking would respect and 
actively solicit a variety of approaches, and understand that there may be more than one answer 
to a question. 
Modes of investigation refer to different methods student could use to complete the investigation 
or solve a problem. In a lower scoring lesson, the teacher gives these to the students. In a high 
scoring lesson, students are actively involved in generating their own methods to investigating or 
solving a problem. Thought experiments would be considered a method of investigation. 
*Methods have been added to help clarify the term modes in this question (Nolan et al., 2012). 
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Procedural Knowledge Section 
"This section focuses on the kinds of processes that students are asked to use to manipulate 
information, arrive at conclusions, and evaluate knowledge claims. It most closely resembles 
what is often referred to as mathematical thinking or scientific reasoning" (IN00-3 pg 37). 
5) Students used a variety of means* (models, drawings, graphs, symbols, concrete 
materials, manipulatives, etc.) to represent phenomena. (RTOP Item #11) 
0 1 2 3 4 
Lesson plan Lesson plan Lesson plan Lesson plan Lesson plan 
does not require has students has students has students has students 
that students use: use: use: use: 
use any means 1 2 3 or more 2 or more 
to represent means to means to means to represent means to represent 
phenomena. represent represent phenomena. phenomena 
phenomena phenomena. and 
(Some (e.g., field encourages 
examples of notes, data students at least one 
phenomena: tables, time to devise their 
class demos, graphs, own way to represent 
field models etc.). phenomena. 
observations, 
lab 
observations) 
variety of multiple means; variety ofmeans; 
single use means; teacher driven student driven 
teacher driven 
Comments: 
Multiple forms of representation allow students to use a variety of mental processes to articulate 
their ideas, analyze information and to critique their ideas. A "variety " implies that at least two 
different means were used. Variety also occurs within a given means. For example, several 
different kinds of graphs could be used, not just one kind (RTOP training guide). 
*Means, in this case, refer to the physical representations that students could use to represent 
what they experienced during the lesson. Some examples of students "means" include: models, 
drawings, graphs, symbols, concrete materials, manipulatives, class notes, field notes, laboratory 
data records, graphs, building physical models, calculations, and making concepts. 
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, 6) Students made predictions, estimations, and/or hypotheses (PEH) and devised means* for 
testing them (RTOP Item #12). 
0 1 2 3 4 
Lesson plan Lesson plan Lesson plan Lesson plan Lesson plan 
provides asks/requires requires students requires students requires 
no students to to to students to 
opportunities make PEH make PEH. make PEH. make PEH. 
for students to however, 
make PEHs the PEH are 
superficial to the 
LP. 
Teacher may or Teacher provides Students devise Students devise 
may not provide a method for a method for their own method 
a method for testing for the testing for testing. 
testing for the students but 
students. the process is 
highly prescribed 
by the teacher. 
(teacher driven) (student driven) 
Incomplete Complete but Complete and 
execution highly prescribed student driven 
Poorly executed 
Comments: 
This item does not distinguish among predictions, hypotheses and estimations. All three terms are 
used so that the RTOP can be descriptive of both mathematical thinking and scientific reasoning. 
Another word that might be used in this context is "conjectures ". The idea is that students 
explicitly state what they think is going to happen before collecting data (RTOP training guide). 
"A highly scoring class would require that students have the experience of drawing together data, 
making a prediction, hypothesis or estimation (PEH), and testing the quality of their PEH in a way 
that enhances their understanding ofthe central concepts ofthe lesson" (Budd et al., 2010). 
Thought experiments would be considered a methodology in this item. 
*Means in this case, refers to the methodology that students used during the lesson. 
7) Students were actively engaged in thought-provoking activity that often involved the critical 
assessment of procedures (RTOP Item# 13) 
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0 1 2 3 4 
Students Lesson plan Lesson plan Lesson plan Lesson plan 
are 
actively engages actively engages actively engages actively engages 
passive. students in a students in a students in a students in a 
thought provoking thought provoking thought provoking thought provoking 
activity.* activity. activity. activity. 
No 
activity, 
There is no critical Teacher asks Students have an Students have 
e.g. , 
assessment of direct questions opportunity to opportunities to listening 
to the procedure. that require generate and generate and 
teacher students to critically assess critically assess 
and Students are not critically assess their own their own 
taking asked to consider procedures. procedures. procedures 
notes how they are doing (in depth, multiple). 
the activity or how 
or 
the procedure could (e.g. , will (e.g. A challenge: 
be changed. increasing the Is there another 
hands on mass change the way (better way) 
but not results ofthe lab?) to do this lab?) 
actively 
Teacher driven, 
engaged 
Incomplete Teacher driven Student driven 
opportunity Complete Student driven Deep, multiple 
opportunity Complete complete 
opportunity opportunities 
Comments: 
This item implies that students were not only actively doing things, but that they were also actively 
thinking about how what they were doing could clarify the next steps in their investigation (RTOP 
training guide) . 
*Actively engaged in a thought provoking activity means that the students were "active in 
manipulating materials or data" which provoke their thinking about connections (s) between the 
activity (concrete materials) and the content (abstraction). For example students "doing" a thought 
provoking ramp lab would encourage students to think about the relationship between the height 
of the ramp and the acceleration of the object. 
The next step would be for students to think at a level where they question what they were doing 
and if the procedure makes sense (critical assessment of procedures). Examples: evaluating why 
you are using certain procedures, considering if what was done makes sense. 
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Classroom Culture: Communicative Interactions 
"Communicative interactions in a classroom are an important window into the culture of 
that classroom. Lessons where teachers characteristically speak and students listen are not 
reformed. It is important that students be heard, and often, and that they communicate with 
one another, as well as with the teacher. The nature of the communication captures the 
dynamics of knowledge construction in that community. Recall that communication and 
community have the same root" 
(IN00-3 pg 38). 
8) Students were involved in the communication of their ideas to others using a variety 
ofmeans and media. (RTOP Q# 16) 
Means: pairs, small groups, group to group, whole class 
Media: a method of communication, e.g. , powerpoint, video, presentations, sharing ideas with 
the learning community- not just the teacher/ worksheet 
0 1 2 3 4 
Lesson plans Lesson plan Lesson plan Lesson plan Lesson plan 
includes includes includes includes includes 
no one a variety (2) of a variety (2) of a variety of means 
student -student means means of means of student- of 
communication. (pairs, small student -student student student-student 
group, group to communication communication communication 
group, whole using using using 
class) of one form of two or more two or more forms 
Students ask student -student media. forms of media. of 
clarification communication media. 
questions ofthe of ideas. or 
teacher 
or Using one form one means and A substantial 
respond of media: (i.e. a variety of A substantial amount of 
individually to sharing of ideas, media. amount of student -student 
questions posed presenting to the student -student communication 
by the teacher. class, making communication and 
videos/ but no student -student 
Powerpoints to student -student communication of 
share with the communication ideas to the group 
learning of ideas to the as a whole). 
community) group as a whole. 
Single means 
Single media Variety of Complete 
means or media but not Complete and 
Not complete Comprehensive Comprehensive 
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Comments: 
The intent of this item is to reflect the communicative richness of a lesson that encouraged 
students to contribute to the discourse and to do so in more than a single mode (making 
presentations, brainstorming, critiquing, listening, making videos, group work, etc.). Notice the 
difference between this item and Q#5. Q#5 refers to representations. This item refers to active 
communication. (RTOP training guide) 
"The goal of the communication is to increase students' understanding of central concepts or their 
skill level on central skills. A high scoring class requires both a variety of media for students 
interaction (e.g. brainstorming, problem solving, discussing, presenting, group work) And 
interactions at multiple means (e.g. student-student, student-class, whole class). In high scoring 
classes, communication is well facilitated. The amount of time students spend in interaction is 
scored in Q18 of the original RTOP" (Budd eta!., 2010). 
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Reformed Teaching Observation Protocol (RTOP) 
Daiyo Sawada 
External Evaluator 
and 
Michael Piburn 
Internal Evaluator 
Kathleen Falconer, Jeff Turley, Russell Benford and Irene Bloom 
Evaluation Facilitation Group (EFG) 
Technical Report No. IN00-1 
Arizona Collaborative for Excellence in the Preparation of Teachers 
Arizona State University 
I. BACKGROUND INFORMATION 
Name of teacher ________ _ Announced Observation? --r::::-:--c::-::-=-:-::=::c::T----(yes , no , or explain} 
Location of class ------T:F.:=:-:::;=;-:::-=------------------(district , school , room} 
Years of Teaching--------- Teaching Certification (K-8 or 7- 12} 
Subject observed ________ _ Grade level _____________ _ 
Observer ___________ _ Date of observation-----------
Start time----------- End time ______________ _ 
II. CONTEXTUAL BACKGROUND AND ACTIVITIES 
In the space provided below please give a brief description of the lesson observed, the class room setting in 
which the lesson took place (space , seating arrangements, etc .), and any relevant details about the students 
(number, gender, etbnicity) and teacher that you think are important. Use diagrams if they seem appropriate . 
2000 Revision 
Copyriglz f 2000 Arizona Board of Regents 
All Rights Reserved p 1 of l 
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Science Teaching Efficacy Belief Instrument* 
Please indicate the degree to which you agree or disagree with each statement below by circling the appropriate letters to the 
right of each statement. 
SA Strongly Agree 
A Agree 
UN Uncertain 
D Disagree 
SD Strongly Disagree 
I. When a student does better than usual in science, it is often because the teacher exerted SA A UN D SD 
a little extra effort. 
2. I am continually finding better ways to teach science. SA A UN D SD 
3. Even when I try very hard, I don't teach science as well as I do most subjects. SA A UN D SD 
4 . When the science grades of students improve, it is most often due to their teacher having SA A UN D SD 
found a more effective teaching approach. 
5 . I know the steps necessary to teach science concepts effectively. SA A UN D SD 
6. I am not very effective in monitoring science experiments. SA A UN D SD 
7 . If students are underachieving in science, it is most likely due to ineffective science SA A UN D SD 
teaching. 
8. I generally teach science ineffectively. SA A UN D SD 
9. The inadequacy of a student's science background can be overcome by good teaching. SA A UN D SD 
10. The low science achievement of some students cannot generally be blamed on their SA A UN D SD 
teachers . 
11. When a low achieving child progresses in science, it is usually due to extra attention SA A UN D SD 
given by the teacher. 
12. I understand science concepts well enough to be effective in teaching elementary science. SA A UN D SD 
13. Increased effort in science teaching produces little change in some students' science SA A UN D SD 
achievement. 
14. The teacher is generally responsible for the achievement of students in science. SA A UN D SD 
15. Students' achievement in science is directly related to their SA A UN D SD 
teacher's effectiveness in science teaching. 
16. If parents comment that their child is showing more interest in science at school, it SA A UN D SD 
is probably due to the performance of the child's teacher. 
17. I find it difficult to explain to students why science experiments work. SA A UN D SD 
18. I am typically able to answer students' science questions . SA A UN D SD 
19. 1 wonder if I have the necessary skills to teach science. SA A UN D SD 
20. Effectiveness in science teaching has little influence on the achievement of students SA A UN D SD 
with low motivation . 
21. Given a choice, I would not invite the principal to evaluate my science teaching. SA A UN D SD 
22. When a student has difficulty understanding a science concept, I am usually at a loss SA A UN D SD 
as to how to help the student understand it better. 
23 . When teaching science, I usually welcome student questions. SA A UN D SD 
24. I don't know what to do to tum students on to science. SA A UN D SD 
25. Even teachers with good science teaching abilities cannot help some kids learn science . SA A UN D SD 
*In Riggs, 1., & Knochs, L. (1990) . Towards the development of an elementary teacher's science teaching efficacy belief 
instrument. Science Education , 74, 625-637. 
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APPENDIXF 
ISIS instrument 
The 22 items completed the stem, "When you teach science, how frequently do you:" 
[The items were answered on a five-point scale: 1 =never, 2 =rarely, 3= sometimes, 4 = 
often, and 5 ~ always] 
The items are: 
1. demonstrate the use of a new instrument? 
2. have students write the problem or activity before doing an 
experiment? 
3. review relevant concepts and skills that were learned in previous 
lessons? 
4. introduce new vocabulary words? 
5. ask students to identify and define words? 
6. ask students to make predictions about an experiment? 
7. check to ensure that students understand new procedures before-
beginning an experiment? 
8. discuss how everyday situations directly relate to experiments that 
students are currently or will be conducting? 
9. check students ' designs for safety before allowing them to conduct 
their experiments? 
10. monitor small group progress during experiments? 
11. encourage students to collaborate within their groups? 
12. circulate and interact with students while they are conducting 
experiments? 
13. discuss variations in data collected by students following their 
experiments? 
14. have students share their predictions with the class? 
15. have students share their data or findings with the class? 
16. challenge students to consider the effects of errors on groups ' results? 
17. compare and contrast students ' explanations of findings? 
18. question students as they conduct their experiments? 
19. connect new information with students ' personal lives (interests, 
home environment, community, culture, etc.)? 
20. connect current events and other subjects with current science 
concepts, skills, and investigations? 
21. use questioning strategies to respond to students' questions about 
experiments? 
22. have students ask questions about the scientific phenomena addressed 
during experiments? 
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APPENDIXG 
Immersion Program Interview Questions 
Pre-Observation Questions 
1. What do you want your students to learn from this lesson? 
2. Can you tell me about your prior experience with inquiry teaching? 
Post-Observation Questions 
1. What elements ofthe Immersion Program (if any) had an impact on your knowledge of 
science? Can you give me some examples? 
2. What elements of the Immersion Program (if any) had an impact on your understanding of 
inquiry? Can you give me some examples? 
3. Was there anything else about the Immersion Program that had a positive impact on your 
knowledge of science in general? 
4. What were you trying to accomplish in your lesson today? 
5. Did the lesson that I observed today match what you had planned? 
6. What did the students do in the lesson that helped them learn science? 
7. From the prospective of student learning, what were the best parts of this lesson? 
8. Did the Immersion Program have an impact on how you taught science in your classroom 
today? 
9. Were there any parts of this lesson that you taught differently because of attending the 
Immersion Program? Or maybe another science lesson? 
I 0. How would you explain the instructional methods used by the Immersion Program 
instructors? 
11. W auld they work with your students? Why or why not. Have you ever tried? 
12. Can you think of something else from the Immersion Program that you tried in your 
classroom? Something you plan to do in the future? Can you give me two examples? 
13. Did the immersion course have any impact on your confidence to teach science in the 
classroom? Can you give me an example? 
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APPENDIXH 
Name Date 
-------
-----
IGE/IGED (circle course enrolled) 
Immersion Lesson Plan Template 
Lesson Title: 
Grade Level: 
Student Profile: (number of students, other relevant information. Please include a rough 
sketch ofthe layout ofthe room i.e. location of students/teacher.) 
Learning Objectives: 
Content Objectives: 
Standards Addressed: 
Nature oflnquiry: 
Explain how inquiry will be used in this lesson and why inquiry will support student 
learning in this lesson. If inquiry was not part of this activity, simply state not applicable. 
Materials: 
Procedure: 
Reflection: 
Reflect on how the lesson matches up with your teaching goals. What do you think went 
well and what will you do differently based on how your students responded to this 
lesson. 
Assessment: 
(Attach a copy of student assessment if possible or an explanation of how you would 
assess student understanding of the lesson) 
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Appendix 1: Immersion Program Participant Interview Check 
Dear:XXXX: 
I hope all is well and your science instruction in the classroom is continuing to be 
productive for you and your students. I have attached a summative outline of the 
interview session that you participated in regarding you learning experiences while 
attending the immersion program. The interview occurred after the videoed classroom 
observation of a science lesson that you taught in your classroom in the spring of 
2011. The summative outline includes information that reflects your experiences with the 
course and instruction of science in the classroom. 
Please look over my notes carefully and let me know if I have accurately 
interpreted what happened in your classroom. Please add information that would correct 
and/or clarify what I wrote. My intent is to best represent your thoughts/experiences of 
the Immersion Program that you attended at Boston University in 2010. We are proud to 
have been a part of your professional development growth in science. 
Best regards, 
Margaret D. Nolan 
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Appendix J: Protection of Human Subjects in this Study 
All participating teachers asked to sign IRB approved consent forms agreeing to 
their participation in the study (See Appendix J, K, L, M). The instructors of the course 
went over the information written in consent forms on the first days of the program. 
Teachers were told that their participation in the study was strictly voluntary and that 
agreeing or disagreeing to participate in the study was not a factor in their grade or the 
stipend allotted for completing of the program. Teachers were also told that they could 
withdraw their consent at any time without penalty. The only potential benefit for teacher 
participation involved having an opportunity to contribute towards the educational 
research literature on alternative professional development design models for K-8 
teachers in science. 
The case study teachers were asked to sign an additional consent form giving the 
researcher permission to videotape them teaching a lesson in the classroom (Appendix 
N). The principal of the school was also asked to sign a consent form allowing the 
researcher to video a science lesson in the building (Appendix 0). 
Inquiring Minds 
Principal lnveslignlor: .Profe>:sor Glenn Stevens 
_April 26, 20 I 0 
Page I of2 
Boston University 
School of education 
Two Silber Way 
Boston MA 022 15 
Dear Participant, 
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The course SC 533 : Imrncrsion ·in Green Energy is part of a project be.i ng .conducted ut. Boston 
. University to design effective instmctioi1al methods to give in-service elemei1tacy teachers a better 
cmnmand of science content and the nature of science. The project is funded by a grant from the 
Massachusetts Division of Higher Education and by a grant from Stephen Bechtel. As part of our efforts 
({) design the best courses for this purpose, we would like to interView course participants to dctcnnine 
the· impact of the counJc, and to observe course participants in their classroom as they teach. 
·we anticipate that each interview subject will be askgg for two interviews, one procediug or early in 
the course, and one subsequent to the course.. Each intcf"vicw will last for about an hour and· will Gqnsist 
of questions about how you conduct your classroom when teaching science and , for the interview after 
the course, questions about your response to the coursr.: and what you learned in ii. The interviews will be 
conducted either at tli·e interviewee' s school or at Boston University. 1l1e interviewer will be either Dr. 
Peter Garik or a research assistant working under Dr. Garik's supervision. 
We expect to schedule observations of your Leaching a science lesson. The observations will be 
arranged in advance, and there will be no surprise visits from a researcher. One observation will be 
requested either prior to the beginning of the course or shortly after its start. The second observation will 
be requested during the year following the end of the course . . Observation will he by either Dr. Garik or a 
research assistant working unucr his supervision . Pcnnission for the observations wili be first obtained 
from the participant's school administration. We will not request more than four observations. 
For this research project, we will ask you to provide us with san,1plcs of your students' work with all 
personal identifiers re111oved to protect students' identities. Speci[lcally, we will ask you for samples of · 
work from a range "of students, high perfom1ing to lowcrp'-'t-fomling. Each sample will be no larger than 
six students. We will ask you to collect this work four Limes. The first t ime\vill be when yo!.! join our 
project. This will be prior to the immersion portion of the course. Three additional samples will be 
requested from your class during the following academic year . .If you incorporate material from the 
immersion expcri.Cltce in your classroom, we will ask that one. qf your sa;nples of students ' work be from 
these topics. The three samples will be spaced through the academic year. For each sample of student 
work. we w ill further request your lesson plan for your activity. 
Confidentiality will be maintained for all interview and observation materials obtained from 
volunteel"s. The interviews ~viii be audio recorded. Audio t:ccordings will be solely for rcsc~ch by the 
staff of the project at Boston University. During audio r~ording, no identifying names will be used. The. 
transcripts obtained from the interviews will be coded so that when analysis is undertaken individuals 
will. not ·be identifiable. No names of individuals or schools will be associated with any scores or 
responses to questions in any report or publication. The only people with access to uncoded data will be 
the project staff under the superVision of Dr. Peter Garik. The data will be Coded as soon as it is 
collected. The coding will take place prior to any. analysis. 
The audio recordings will be stored securely .to maintain confidentiality. We all.ticipa:te the lifetime 
of this project to .be approximately five years. Interviewee names will not be associated with these 
recordings either in publications or discussions. Excerpts of these recordiil,gs -will not be made for 
instructional purposes or for research presentation purposes without·tix:plicit written consent of the 
.interviewee. 
There arc no immediate benetits for participation in this study. The· expected long term outcprne. of 
assisting ·us by participating will be formulation of better courses'·that tely on an irnrnersiQn experience to 
convey .content and the nature of science inquiry, Particip&nts who agree to· an. interview and observatian 
Return this copy 
Inquiring Minds 
Principal Investigator: Professor Glenn Stevens 
September 21 , 2009 
Pagel of2 
Boston University 
School of Education 
Two Silber Way 
Boston MA 02215 
Dear Student, 
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The course SC 533: Immersion in Green Energy is part of a project being conducted at Boston 
University to design effective instructional methods to give· in-service elementary teachers a better 
command of science content and the nature of science. The project is funded by a grant from the 
Massachusetts Division of Higher Education and by a grant from Stephen Bechtel. As. part of our efforts 
to design the best courses for this purpose, we will he ·administering surveys to obtain background 
information about participants. The surveys will inquire about participants' professional experience, 
science content knowledge relevant to the course, and beliefs about teaching. The typical time for 
completing a survey will be about twenty-five minutes. The information gained from these surveys will 
be used to inform the design of future offerings of Iinmersion in Green Energy: -
For fue purpose of improving our teaching, it is usual practice for instructors to ask students to 
complete such surveys. In this case, we are further requesting that you give us ·pennission to use the data 
that we collect for research purposes and for the purposes of evaluation of the course in order for us to 
satisfy the conditions of our grant. 
The data obtained from the surveys will coded so that when analysis is undertaken individuals will 
not be identifiable. Given the number of participants in the two sections of the course, it will not be 
possible for any individual's performance to be identified. No names of individuals or schools will be 
associated with any scores or responses to questions in any report or publication. The only people with 
access to uncoded data will be the project staff under the supervision of Professor Peter Garik. The data 
will be coded as soon as it is collected. The coding will take place prior to an·y analysis. 
There are no inunediate benefits to participant~ for participation in this stUdy. The expected long 
term outcome of assisting us by participating will be formulation of better courses that rely on an 
immersion experience to convey content and the nature of science inquiry. Participants who agree to use 
of their survey responses may take satisfaction in the thought that their participation may lead to a reform 
in the way in-service elementary teachers are taught science. . 
Agreeing or disagreeing to participate in this study will not be a factor in determining a student's 
grade, tuition support, or stipend for taking the course. Students who agree may change their mind at any 
time without any penalty. We anticipate no risks or discomfort for students who agree to the use of 
slirvey data for our research. Because of the nature of the research, we are not expecting students to be 
providing "right" answers to our questions. All responses by students will be of equal value to us, and 
participating students should never have the sense that they could have provided "better" answers. 
Confidentiality will be maintained for all materials obtained from volunteers. We anticipate the 
lifetime of this project to be approximately five years. At the end of the project, the original surveys will 
be destroyed unless explicit prior perinission has been obtained from the participating students. St~,~dents ' 
names, or any other identifier such as a school name, will not be associated with the research either in 
publications or presentations. 
Th1s letter is for your mforinatioii: A copy Is provided for your records. Another copy of this letter is 
provided to be signed as a consent form. We ask that you read the consent fonnsJhat follow. If you are 
willing to participate, please sign the consent form and give it to your instructor. The signed consent form 
should remain attached to the copy of the information letter provided with it. 
If you have any questions about any aspect of this project, feel free to contact Professor Peter Garik 
at (617) 353-4735 or Professor Glenn Stevens, the Principal Investigator for the project, at 617-353-9558 . 
You may obtain furtl:ier information about your rights as a research subject by calling Ed Szkutak, 
Return this copy CRC-IRB Approval :;; 
Inqui ring Minds 
Principal Investigator: P(ofcssor Glenn Stevens 
April26,20i0 
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Boston University 
School of Education 
Two Silb~r Way 
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The course SC 534: Immersion in Global Energy Distribution is part of a project being conducted at 
Boston University to design effective instructional methods to give in-service elementary teachers a 
better command of sc ience content and the nature of science. The project is funded by a grant from the 
Massachusetts Division of Higher Education ~nd by a grant fmm Stephen BechteL As part of our efforts 
to design the best courses for this purpose, we would like to interview course patiicipants to. determine 
the impact ofthe course, and to observe cot~rse participants in their classroom as·they teach. 
We anticipate that each interview subject will be asked for t~o interviews, one preceding or early in 
the course, and one subsequent to the course. Each interview will last for about an hour and will consist . 
of questions about how you conduct your classroom \Vhen teaching science and, tor the interview a·ftcr ' 
the course, questions about your response to the course and what youleamed in it. The interviews will be 
conducted either at the interviewee's school or nt Boston University. The interviewer will be either Dr. 
Peter Garik or a research assistant working under Dr. Ga.rik' s supervision. 
We expect to schedule observations of your teaching 11 science lesson. The observations will be 
anangcd in advance, and there will be no sutprisc visits from a researcher. One abse.rvation will be 
requested either prior to the beginning of the course or shortly after its :;tart. The second observation will 
be requested during the year following the end of the course. Observation will be QY either Dr. Galik or a 
research assistant working under his supervision. Pennission.for the observatioQS will be first obtained 
from the participant's school admil1istration. We will not rc{!uest more than fom observations. 
For this research project, we will ask you to provide us with samples of your students' work with all 
personal identit1ers removed to protect students ' identities. Specifically, we will ask you for samples of 
work-from a range of students, high pertonrung·to lower perlonning. Each surnple-will be no larger than 
six students. We will ask you to collect this work four 'tirnes. The first. thile will be when you join our 
project. 'l'his will be prior to the immersion portion of the coum:. Three additional 'samplcs will be 
requested from your class during tht: following academic ycnr. If you incorporate material from the 
iminersion experience in your classroom, we will ask that one ofyour sainples of students' work be from 
these topics . The three samples will be spaced through the. academic year. For each sample of student 
work, we will further request your lesson plan for your activity. · 
Confidentiality will be maintained for all interview and observation U14tetials obtained from 
volunteers. The interviews will be audio recorded. Audio recordings will be solely for research by the 
staff of the project at Boston University. During audio recording, no identifying names will be used. The 
transcripts obtained from the interviews will be coded so that when analysis is undertaken individuals 
will not be identifiable. No names of ihdi vi~luals or 'schools will be a~ociated with any scores or 
re~ponses to qrrestions in any report or publication. The only peOple with access to uncoded data will be 
the pn;,ject staff under the supervision of Dr. Peter Garik. The data will be coded as soon as it i s 
collected. The coding will take place prior to any analysis. 
The audio recordings will be stored securely to maintain ·confidentiality. We anticipate the. lifetime 
of this project to be approxiimi.tely five yl.'llrs . Interviewee names .will nof be associated with these 
recordings either in publications or ·discussions. :Excerpts ofthese ,reccmlings will not be made for 
instructional putposes or-for research preseniation purposes witho\lt explicit written: consen.t oftb.e 
interviewee, , 
There· ate no immediate .benefitS for participation in this study; The .expected iong term ou!com~ of 
assisting \.lS by participatiiJ.g will be fotmulatio:n of better courses that rely. on an irmnersion experience to 
convey coptent and the nature of science inquir.y. P:;~rticipants who agr:ee to an interview and observation 
K~ep this copy 
Inquiring Minds 
Principal Investigator: Professor Glenn Stevens 
September 21, 2009 · 
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School of Education 
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The course SC 534: Immersion in Global Energy Distribution is part of a project being conducted at 
Boston University to design effective instructional methods to give in-service elementary teachers a 
better command of science content and the nature of science. The project is funded by a grant from the 
Massachusetts Division of Higher Education and by a grant from Stephen Bechtel. AB part of our efforts 
to design the best courses for this purpose, we will be administering surveys to obtain background 
information about participants. The surveys will inquire about participants' professional experience, 
science content knowledge relevant to the course, and beliefs about teaching. The typical time for 
completing a survey will be about twenty-five minutes . The information gained from these surveys will 
be used to inform the design of future offerings of Immersion in Global Energy Distribution. 
For the purpose of improving our teaching, it is usual practice for instructors to ask students to 
complete such surveys. In this case, we are further requesting that you give us pennission to use the data 
that we collect for research purposes and for the purposes of evaluation of the course in order for us to 
satisfy the conditions of our grant. 
The data obtained from the surveys will coded· so that when analysis is undertaken individuals will 
not be identifiable. Given the number of participants in the two sections. of the course, it will not be 
possible for any individual's performance to be identi.fied. No names of individuals or schools will be 
associated with any scores or responses to questions in any report or publication. The only people with 
access to uncoded data will be the project staff under the supervision of Professor Peter Garik. The data 
will be coded as soon as it is collected. The coding will take place prior to any analysis. 
There are no immediate benefits to participants for participation in this study. The expected long 
term outcome of assisting us by participating will be formulation ofbetter courses that rely on an 
immersion experience to convey content and the nature of science inquiry. Participants who agree to use 
of their survey responses may take satisfaction in the thought that their participation may lead to a reform 
in the way in-service elementary teachers are taught science. 
Agreeing or disagreeing to participate in this study will not be a factor in determining a student's 
grade, tuition support, or stipend for taking the course. Students who agree may change their mind at any 
time without any penalty. We anticipate no risks or discomfort for students who agree to the use of 
survey data for our research. Because of the nature of the research, we are not expecting students to be 
providing "right" answers to our questions. All responses by students will be of equal value to us, and 
participating students should {\ever have the sense that they could have provided "better'' answers. 
Confidentiality will be maintained for all materials obtained from volunteers. We anticipate the 
lifetin1e of this project to be approximately five years. At the end of the project, the original surveys will 
be destroyed unless explicit prior permission has been obtained from the participating students . Students' 
names, or any other identifier such as a school name, will not be associated with the research either in 
publications or presentations. 
This letter is for your information. A copy is provided for your records. Another copy of this letter is 
provided to be signed as a consent form. We ask that you read the consent forms that follow. If you are 
willing to participate, please sign the consent form and give it to your instructor. The signed consent form 
should remain attached to the copy of the information letter provided with it. 
If you have any questions about any aspect of this project, feel free to contact Professor Peter Garik 
at (617) 353-4735 or Professor Glenn Stevens, the Principal Investigator for the project, at 617-353-9558. 
You may obtain further information about your rights as a research subject by calling Ed Szkutak, 
Return this copy 
Bostolt t1rilvtll'$'lty Sch®l.ol Edut:itlOfl 
Oeparlmnnt'CiCurrlcuiUm ~-reaching 
T~vo Sifbcr-Way 
Boston. Mas~~chus~tts 02Z15 
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Boston University 
Immersion Courses 
PeterGarik 
Page 1 of4 
BOSTON 
UNIVERSlTI7 
~SCHOOL of 
E d u c: a t:io n 
You are being invited to participate in a research study conducted by Dr. Peter Garik. of 
Boston University because you are in, SC 533.: Immersion in Green Energy or SC 534: 
Immersion ·in Global Energy Distribution. This research study is funded by the Stephen Bechtel 
Fund. Your participation is voluntary, You should read the information below, and ask questions 
about anything ycru .do not understand, before deciidu~g whether to participate. Please take as 
much time :as you need to read the .consent fonn. You rnay a\so·decideto discuss par.ticipation 
with·your family or: frlends.lf you deCide to parti~ipate, you will be asked to s~gn this forn1. You 
will be :givenacopy of:this form. 
PUJ.u>OSEOFTHE STUDY 
The purpose ofthl1>:study is to determineJhe impactof the course, and to observe course 
participants in their' classroom as they teach. 
STUDY PROCEDURES 
If you·vo1unteerto participate. iidhis study you willbe asked to respond to interview 
questio!lS- and allow classroo.m observations. · · 
We anticipate thateacl,t interView subject: will be. :asked for two interviews,:one ·preceding or 
early ill! the course~ an.d one subsequent to the course. The interviews will be audio recorded. 
Each interview willlastforabout an.hout and.will consist of questions about how you conduct 
yourdassroom·when teaching sohmee.and,· for -the itrterviewafterthe oourse, questions about 
yourresponse to :the .course ·and wbatyoulearnedinit The interviews will be conducted either at 
the intervie-wee's schoal or at Boston University. The interviewer will be either Dr: Peter Garik 
or a research assistant work;ing under Dr. Garik; s superVision. 
We expect to sehedule observations of your· teaching of a·science lesson. The :observ.ations 
will be,:arranged in.advance, and therewm be no surprise ViSits from a researcher. One 
observation will be requested either. prior to the beginning ofthe course or shortly after. its start. 
The second observation will beTequesteddut'ingthe year following the end of the course. 
Observation will he by·eith.er Dr. Gar.ik or· uesearch assistant workit\g under his superviSion. 
Permission for the observations will be first obtained from the participant's school 
administration. w.e will not request more than fuur observations. 
Schnol -Name: · IRB #:·1819 
~ }) Jl)l 
/ 
Boston University School of Education 
Department of Curriculum & Teaching 
Two Silber Way 
Boston, Massachusetts 02215 
B<JST\)N 
UNIVLRSI fY 
S C l l n ( ) L ,, j 
Edut·atltlll 
Peter Garik 
617-353-4735 
garik@bu.edu 
Dear Headmaster/Principal, 
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At least one teacher in your school has participated in one of the courses SC 533, Immersion 
in Green Energy, or in SC 534, Immersion in Global Energy Distribution in the School of 
Education at Boston University. 
In order to evaluate the courses' effectiveness, we have asked participating teachers if they 
would agree to being observed teaching science. Permission has been received from the 
participant(s) in your school for a researcher from Boston University to observe their classes. The 
appointments for the observations will be mutually agreed upon between the researcher and the 
teacher(s). 
We are asking that you, as headmaster/principal, grant project researchers permission to 
observe the participating teacher(s) from your school in her/his classroom. The Principal 
Investigator for this research is Dr. Peter Garik. Dr. Garik is a Clinical Associate Professor in the 
School of Education at Boston University. Working with Dr. Garik is Ms. Margaret (Deb) Nolan, . 
a graduate research assistant from the Boston University School of Education. If you grant 
permission, Ms. Nolan will observe the teacher(s) giving a lesson in their classroom. 
During the observation, Ms. Nolan will not interact with students. Ms. Nolan will video 
record the teacher during the class, and take handwritten notes. The video will be solely of the 
teacher. The students will not appear in the video. This research project focuses on what the 
teacher is doing. The video recording and handwritten notes will be securely stored and destroyed 
at the end of the research. Under no circumstances will the teacher, students, school 
administration, or school be identifiable in any publication or conference presentation. 
Participation in this study is completely voluntary. The participating teachers and/or the 
school have the right to withdraw consent and discontinue participation without incurring any 
penalty. Specifically, a teacher's participation in this study does not affect their participation in 
the Boston University courses or subsequent courses. Again, all observations will be arranged in 
advance, and there will be no surprise visits from the researcher. 
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If you have any questions about any aspect of this project, feel free to contact Dr. Peter Garik 
at (617) 353-4735. You may obtain further information by calling Ed Szkutak, Assistant Director 
for Human Subjects Protection, Institutional Review Board, Boston University Charles River 
Campus, at 617/358-6115. 
We are providing you with two copies of this form. One copy is for you to sign and return to 
us for our records. The other copy is for you to keep for your own records. 
Thank you for your assistance. 
Sincerely, 
Dr. Peter Garik 
Clinical Associate Professor 
I understand the foregoing and agree to the classroom observation of Mr./Ms. 
-----
Date 
-------
Signature of headmaster/principal/other authorized person 
School: 
----------------------
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Appendix Q: Case Study Evidence of Themes for Reformed Teaching in the 
Classroom 
Theme 1: Teacher uses scientific inquiry as a means to improve students' knowledge of 
science content and processes "Science as a way of knowing" 
The case study reports revealed that the immersive program had a positive 
impact on the teachers ' use of inquiry to improve students' knowledge of science. The 
following comment highlights what Fran reported as the "best part" of her observed 
lesson. It reflects a clear change in her method of teaching motion concepts to 7th grade 
students. 
Definitely the best part of the lesson was when my students had to make their 
own decisions about how they were going to measure the speed of a toy. First 
they had to choose a toy and then decide how they were going to measure 
distance, units etc .. . . it was a simple lab activity but they [students] had to use 
science to get the job done. They had to measure the distance in centimeters and 
then convert it to meters. Solve for speed using distance/time and then graph the 
data. Then they had to explain to the class distance, speed, constant speed, 
velocity ... Based on the class discussion they got a lot out of the activity. 
During the interview session, Fran was asked if she used this type of instruction prior to 
attending the immersion program. Her response was: 
No, hadn' t done much inquiry before the class [immersion]. But after all that we 
did over the summer I wanted to give it a try. This year I have modified many of 
my science lessons to include more data collection and something that I never 
thought of doing before, having students presenting to the class. 
Harriet, who attended two immersion courses, described the role of the immersive 
program on her teaching pedagogy. Her comment reveals a shift away from a 
transmission model and towards instruction that highlights students learning of science 
through experimentation. 
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Before the [immersion] courses my only thought was for my students to know the 
[science] content. I have the gth grade MCAS to deal with and making sure that 
my kids are prepared to pass the test is a lot of pressure. The kids need to know 
science facts but they also need to know the big picture ideas. Things like how 
ecosystems work, food chains and webs. After the first course I thought I would 
expand out and have my kids build an ecosystem and learn about species 
interrelationships that way. I saw a big change in my students that year and have 
continued with it ever since. The kids learn a lot more about the relationships 
between species doing these kinds of exploratory lessons. More than I could ever 
tell them for sure. 
Theme 2: Teacher encourages students to make connections between their science 
knowledge, interests, prior knowledge and everyday experiences. 
Case study teachers reported that the immersive professional development program 
helped them to realize the learning value of students making meaningful connections 
between their interests, prior knowledge, everyday experiences and the science concepts 
of a lesson. Yolanda described a significant change in her approach to introducing a topic 
that she has taught for over ten years because of her immersive learning experience. 
Well, this is the first time I ever introduced my ecology unit using inquiry. My 
goal for this lesson was to create an environment of inquiry that my students 
could relate to. To do this I focused the lesson on an endangered species of turtle 
that my students are familiar with ... Now as you could see, students were sitting 
in cooperative groups and they were exchanging ideas about the turtles' habitat. 
My goal was to use that questioning method, you know the one you guys used on 
us [Socratic dialogue], to get them thinking and talking about the turtles and 
learn about habitat in that way. The course [immersion] made me realize that 
building this type of learning community is an important part of science. 
Laurie described how she integrated students' personal experiences in a chemistry lesson 
to engage students about rusting and erosion. 
Yeah, well, okay, so it happens in a plastic bag here, but where does it happen in 
real life? And one student said," Oh yeah, I left my bike out once and the chain 
rusted". You know I never used to include these kinds of questions into my 
lessons, but during our class [immersion] the instructors were always asking us 
questions to encourage us to think about what we already knew about a topic. It 
really helped me. So I tried it with my students and found that asking them 
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questions and having them share what they know is a handy teaching tool and a 
good way to get them engaged in learning about weathering and erosion in 
chemistry. 
Theme 3: Teacher allows student interests/ abilities to determine the direction of the 
lesson. 
Most of the case study teachers reported that they had become more open to 
having students' interests and abilities to determine the direction of their science lessons. 
When asked if her teaching had changed as a result of the immersion program, Harriet 
explained: 
I fmd myself more aware of shifting the focus of the lesson depending on the 
students' questions. Their questions help me identify what I need to cover. It 
frees up the lessons, so that my students can explore the science that they need to 
know because we aren't wasting time reviewing information they already know. 
Yolanda in response to the same question responded. 
Yes, the lesson today [observed lesson] is one. I wasn't planning to include 
overpopulation in the lesson. I never thought about overpopulation until one of the 
kids said it. So, okay overpopulation. That's not the way I was thinking, but 
somebody thought that way, and that's okay because maybe another kid looked at 
the problem that way too. It wasn't what I planned to discuss but the others were 
interested in talking about it, so I went with it. 
Teacher emphasizes active student engagement (Betty, Harriet and Louise only) 
The first quote is from Harriet a 5th grade teacher who completed her second 
immersive course in 2010. Her description ofthe observed lesson reveals her skillful use 
of guided inquiry instruction. The classroom observation (RTOP) score of78.5 
established this teacher as capable of engaging her students' in scientific thinking. 
So I told the kids [whole class] we're working with plants today and I want you to 
think about and wonder about the roots. What do you think they do? How do they 
help the plant? I asked them to write down what they know or wanted to know 
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about roots in their science notebooks .... while they were writing my job was to 
go around to each group and try and focus their thinking by asking questions. 
They [students] came up with some really great information. Tomorrow the kids 
will share what they learned about plants roots with the class. 
When asked if any part of this lesson was a result of her immersive experience. Harriet 
reported: 
Yeah, the whole idea of focus questions came out of it [immersion]. During the 
summer part of the [2nd immersion] course I got to thinking about introducing 
topics with my students using focus questions. I learned a lot from developing a 
research question with my partners that it seemed like a really good way to teach 
kids. I started asking them questions after IGE but really got into it after IGED. 
The second year sort of pulled it together for me. I feel like I am much more 
effective in getting my students to generate questions that focus their thinking 
about science. Anyways, I do them [focus questions] now in social studies as 
well. 
This next quote describes Betty's learning experience during the immersive program. She 
attended the Engineering the Future course at the Museum of Science in 2008. 
Immersion helped me to figure what I should be doing to get my students more 
actively involved in learning science. The course [immersion] bolstered my 
courage to try more hands-on, messy kind of unknown outcome type things, 
where you generate a question, explore in directions that may or may not be what 
you had originally planned and eventually answer your question. 
When Betty was asked to compare her learning experience during the Engineering the 
Future course with her learning experiences during the immersive professional 
development program, she reported: 
They were similar in many ways. In both courses we worked in groups of teachers 
on a project that was hands-on and definitely challenging. I learned a lot about 
science from both. The engineering course was different in that the research 
question was given to you and your challenge was to design a product. In the 
immersion course we [group of teachers] worked together to come up with a good 
research question and a way to answer it. But you know I think it is like anything 
else. You have to work with something a bunch of times before you really 
understand how it works. I learned a lot at the MOS [Museum of Science] but 
during this course [immersion] it was different in that I started making 
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connections to how I could apply what I was learning into my classroom. 
Theme 4: Teacher structures opportunities for students to work together during science 
lessons (e.g. sharing ideas in groups, presenting to the class) 
Many teachers mentioned that their classrooms had become more "loud" and 
attributed this occurrence to an increase in student-to-student talk about science. Laurie's 
comment affirms loudness in her classroom as students engaged in discussions with their 
peers on a science topic. 
I do lots more student-student sharing now. They share in pairs, share with the 
whole class. So, there is more science talk going on [in class] than before 
[immersion]. It's loud but you know what? Loud is good especially when it comes 
to student learning. They're talking science and learning science, not just sitting 
there and listening to me. Their science talk also gives me feedback about what 
they're learning or not learning in the lesson. 
Fran described her observed lesson as being more student-driven as a result of 
attending the immersion program. 
Umm, its like the lesson today ... the best part of this lesson, is that they [the 
students] feel invested, because it's their voice, not mine. It's not a lecture-- it's 
not a lecture format, so I think they feel-- you know, they're invested in it, and 
they feel like they're teaching the class. And you know, they always say that you 
remember 90% of what you teach. So, by the fact that they're taking turns 
presenting, sharing and allowed to have a voice, I think that they will learn more 
than ifl told them. The ones who are presenting learn a lot and the ones listening I 
think learn more science too. 
The rationale behind inquiry-oriented teaching and learning is that just as 
scientists collaborate with others in their work, learning science requires that students 
gain experience working together, making decisions, sharing ideas, and recording and 
analyzing data as partners. All of the case teachers reported that the immersion course 
made them more aware of the importance of students working together and sharing their 
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ideas about science. Many of the teachers reported never having students present to their 
classmates prior to attending the immersion program. Interestingly, the teachers reported 
learning the most science from listening to their colleagues' presentations. Many stated 
that this experience was the main reason why they were committed to having their 
students make presentations and participate in whole class discussions. 
Theme 5: Teacher shifts the focus of the lesson from giver of science knowledge to 
facilitator of student learning. 
Louise reported on the impact of the immersive program on changing her role 
from a giver of information to a teacher that facilitates student learning: 
Well I remember being asked the question by an instructor of the course. Could 
you develop an electromagnet another way? That really made a light bulb light up 
for me and I find that I am doing a lot more inquiry now ... I'm asking them 
[students] about what they know versus just telling them. You know like asking 
them to go back to their science notebook and asking them, what did you 
discover? And you know just asking them more questions. What do you know 
already, and how do you know that? And where can you go with that 
information? 
All of the teachers commented during the interview session about the importance 
of the immersion instructors modeling ways to engage learners in science. The most 
frequently mentioned was their use of Socratic dialogue. Louise commented on the 
impact of the immersive program on her ability to engage student learning using the 
Socratic questioning method: 
Before the course [immersion] I was unsure about how to do inquiry in the 
classroom. Now I feel like I am getting better at it. Having that experience of the 
[immersion] professors focusing my thinking by asking me a bunch of questions 
had big impact on me. At first I found it really frustrating. I wanted to say just tell 
me the answer. But then I started to realize that I was learning so much that I kind 
of got hooked on it. Now I use it with my students and they get frustrated too, but 
I can see that they are learning a lot more science. 
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Gerri, as mentioned earlier, was the only teacher to score below the accepted 
reformed teaching score of 50/100 on her classroom observation using the RTOP. The . 
following quote reveals her concerns about shifting her role as the giver of science 
knowledge. 
The problem is that I'm not an octopus. I feel that I am supposed to be sitting with 
these kids and helping them get through the basics the "what they need to know 
about science". I also feel that I should know whether or not the kids in the 
middle group understood it. Or what about the kids that need clarification about 
the science? Or the kids that need extra help or guidance from someone who 
knows the answer? And then there's the group who gets it. I feel like I should 
make sure that what they learned is correct because I'd hate for them to walk away 
with a misconception. 
Theme 6: Teacher uses more technology and manipulatives to engage students in 
learning science. 
Most of the teachers reported using more technology, laboratory equipment and 
manipulatives in the classroom after working with these tools during the immersive 
professional development program. Louise reported that scientific inquiry, at the 
elementary level often does not include students measuring and recording quantitative 
data. She described her immersive experience as having a big impact on her including 
scienpe equipment and technology into her 4th grade science curriculum. 
Louise described her use of manipulatives and technology to engage students in 
learning about electricity: 
We started with static electricity, the balloons on the wall and all that stuff. The 
students were taking it well beyond that, you know, experimenting with their hair, 
pieces of paper all sorts of materials. When, all that experimenting was done we 
discussed what we learned as a group. Then we turned to the Promethean board, 
went to the PhET simulation, and we did the static electricity experiment. 
Remember ... the John Travolta one that we did during the [immersion] course. 
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Fran's comments highlight the impact of the immersive program on her use of 
science-based technology in her 7th grade classroom. 
Another teacher in the middle school has some Vernier TM equipment but I never 
used it because I didn't have any experience with it. After taking the [immersion] 
course I feel confident about using it with my students. This year I did two labs 
using the motion detectors. Having used all the probes and sensors during 
immersion it was easy for me to include Vernier TM labs into my science 
curriculum. 
Overall, teachers' comments showed that the opportunity to work with the 
technological tools that they used in the immersion course had a positive impact on their 
using these technologies with their students in their own classrooms. 
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Appendix R: Case Study Evidence of Themes for Teacher Self-Efficacy 
Having opportunities to improve science content knowledge (mastery experiences) 
All of the case study teachers reported that their gains in content knowledge, 
while attending the immersion program, was a factor in their feeling more confident to 
teach science. When asked about the how the immersion courses impacted her knowledge 
of science and confidence to teach the science content in the classroom Louise (4th grade 
teacher) explained: 
Louise: Both [immersion] courses made me feel like a scientist. 
Interviewer: When you say feeling like a scientist, what does that mean to you? 
Louise: Well, when you feel like a scientist, you're not afraid to get the tools together 
first of all, to set up the experiment, to actively participate in putting these 
systems together, and you feel like you're questioning and you're wondering 
about things, and you say to yourself-- "I wonder if I did this, what would 
happen?" 
Interviewer: Does this "feeling like a scientist" impact how you teach in the classroom? 
Louise: Absolutely, I feel more confident about teaching topics like electricity because I 
know the material now. I really wasn't comfortable teaching electricity before 
immersion. Maybe a few static demos but that was it. Now I am teaching my students 
about series and parallel circuits and having them wire cardboard houses. And when I 
teach this way the content seems to just zoom right up and into their brains. 
Having opportunities to work collaboratively with other teachers (social persuasion). 
All of the teachers identified collaboration with other teachers as having a positive 
impact on their self-efficacy for teaching science. The following teacher's quote 
highlights how social persuasion improved her self-efficacy for learning science content. 
Fran: We all have weaknesses. We don't all know the content, and it was nice to be 
with other teachers who were okay about saying: I don't understand this. But you 
know, I have to teach it and it felt good to be around other teachers who wanted to 
improve themselves professionally. It inspired me to push myself. 
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Interviewer: Did this experience impact you in any way? 
Fran: Yes, defmitely I learned more science than I ever learned in other programs and a 
lot of it was due to the other teachers in my group. They pushed me to learn the 
science and I knew that I would let my group down ifl didn't do my part. 
Having opportunities to work on a deep inquiry-based project using science equipment 
and related technologies (mastery) 
Many of the case study teacher's commented that being immersed in a rigorous 
inquiry based project using science equipment and related technologies improved their 
confidence for using those technologies in the classroom with their students. The teacher 
comments below provided specific examples on how they modified preexisting lessons to 
include scientific equipment and technology that was used during the immersive 
professional development program. 
Fran reported having access to Vernier TM equipment but lacking the confidence 
to use it with her students prior to attending the immersion program. 
I had my students use the temperature probes to record water temperature over 
time. We left three containers of different sizes out in the sun and the kids 
recorded the temperature all day. One of the other teachers in my school has been 
using the Vernier TM probes but I didn't feel comfortable using them in my 
classroom. She offered to help me but there is never enough time during the 
school day. Besides I needed more than a 5-minute explanation and the class 
[immersion] gave me a real chance to figure out how to use them. So anyways, 
after immersion I was interested in using the probes with my students. This lesson 
is a great addition to my water unit. 
Having the opportunity to observe others ' successes (vicarious experiences) 
Vicarious experience is connected to a person either observing or providing a 
supportive role in another persons' successful completion of a task (Bandura, 1977; 
1986). Bandura (1977) argues that secondary learning experiences give the learner a 
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feeling that they could also be successful in doing that task. Two of the case study 
teachers reported experiences that highlight vicarious experiences as having an impact on 
changing how they teach in the classroom. 
Louise: So, the whole piece about being with other teachers and sharing ideas about how 
to teach certain concepts was highlight for me. Like the video that we watched 
about the teacher teaching electricity to her students using the Mystery box. I saw 
how involved her students were in learning about electricity and their interest in 
learrling about the Mystery box. I was so inspired by that video that I wrote 
today's lesson like it and made my own Mystery box for the class. 
Harriet: I loved hearing what other teachers have to say, Well, I did this experiment this 
way or I introduced energy conservation that way. Or it really works if students 
brainstorm ideas beforehand ... I don't feel like we get enough of that as teachers. 
It got me interested in trying some of these ideas with my students. 
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Appendix S: Case Study reports on the Key Immersive Design Elements (KIDE) 
The following sections provide details regarding how the four key immersive 
design elements influenced a select group of teachers' knowledge of science and 
scientific processes. 
KIDE #1 "Teachers are immersed in an intensive learning experience ... where they 
participate fully in the generation of investigable questions, plan and conduct 
· investigations" 
The immersive design was selected as a professional development strategy forK-
8 teachers because many do not have personal experience learning science through 
inquiry (Loucks-Horsley et al., 2003). The key immersive design elements seek to 
address this by immersing K-8 teachers in deep inquiry-based investigations where they 
experience scientific inquiry under the guidance of expert science educators. 
All of the teachers reported that their personal involvement in intensive lab-based 
investigations had a positive impact on their knowledge of the fundamental principles of 
scientific inquiry. Fran' s comment reflects her growth in this area. 
I feel like I am "doing" real science in my classroom now. I know that it probably 
sounds silly to you but [immersion] was the first time I actually did real science 
lab. I got to experiment with the different probes and the computer software, 
collect data and report our results. So, now in my classroom I have my students 
record data, make graphs, write conclusions and share their ideas with the class ... 
the whole deal. 
One teacher, Gerri, who proclaimed a strong commitment to student, centered 
learning felt that the immersive experience was less effective in this regard. Although she 
stated having learned a lot about the inquiry process, she also felt that the course should 
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have spent more time on direct instruction aimed at improving participants' knowledge of 
science content and use of effective inquiry based lessons. 
All of the teachers' comments revealed that their participation in an intensive 
scientific investigation also had a positive impact on their understanding of the nature of 
science. A repeated comment was that they were unaware ofthe challenges involved in 
doing real laboratory investigations and how scientists need to be creative to answer a 
research question. Fran reported" I have a much better understanding now [after 
immersion] of the difficulties scientists deal with. You know, the science books make it 
seem so much more straightforward." 
Harriet's comment below reflects her evolving conception of the nature of science 
as both stressful and enlightening. 
During our [immersion] project my partner and me were very tense about how our 
project was going. We had this great idea, had everything set up perfectly, but our 
data was totally off. We were in a total panic. The instructors encouraged us not 
to worry about it and carry on. We ended up changing the focus of our experiment 
collecting a different set of data and answering a different question. I guess I 
never thought about it before ... that creativity and change is an important part of 
doing science. 
The opportunity to experience inquiry-based science also had an impact on 
dispelling teachers' misconceptions about the nature of science. Yolanda's comment 
reflects the impact of the immersive program on her prior understanding of the scientific 
process. 
The biggest thing that I got away from the course [immersion] was that scientists 
use a variety of means to solve a problem. I mean it was the biggest Ah Hah 
moment for me. So much that it literally changed my science lessons for the first 
two weeks of school this year. I want my students to know what a science 
investigation is really like, what doing science is really like ... I mean I was so 
upset that I took my Scientific Method chart off the wall. 
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This quote highlights a common misconception held by many teachers regarding 
the Scientific Method (Windschitl, 2003). Based on Yolanda's comment it is clear that 
prior to the immersive program she viewed scientific inquiry as a singular method 
consisting of a defined set of steps performed in a linear, lock-step process. Her active 
involvement in deep inquiry driven investigations had a positive impact on how she 
viewed the scientific process and how she teaches it to her middle school students. 
KIDE #2 "Teachers are immersed in an intensive experience in which they focus on 
learning science and are able to pursue content in depth" (p.l95) 
Most of the teachers reported being initially frustrated and stressed out about the 
high academic expectations of the immersive program. Louise commented, " I never 
went to a professional development course that taught science at that level of difficulty ... 
I have to say that I was shocked." Similarly, Betty wrote," I was expecting the typical 
professional development course where teachers learn science at the same grade level of 
their students". 
Fran was the most stressed out about the academic rigor of the program. She had 
never taken a physics course and was worried that she would not be able to complete the 
program. Her primary reason for attending the immersive professional development was 
to improve her science content knowledge. Fran attributed the collaborative support from 
teachers and instructors of the program in reducing her stress and improving her science 
content knowledge. 
I thought to myself after the first few classes, I will never be able to learn all this 
content. There is just no way. It was a real challenge for me and I am happy that I 
stuck with it. I learned so much physics. But, like I said the [immersion] project 
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was a real challenge and frustrating at times. But with the help of my partners and 
guidance from the instructors I did it. 
All of the case study teachers reported that their active involvement in a deep 
inquiry based scientific investigation had a positive impact on their perceived gains in 
science content. The quote below reflects the role of collaborative interactions with other 
teachers on Betty' s gains in science content knowledge. 
My group got together and we wrote down everything we learned about radiant 
energy and the sun from working on our project and when we were done I 
realized that I learned a crazy amount of science working with my colleagues on 
that project. We worked really hard and struggled to learn the science that we 
needed to know to complete our project. I knew nothing about lumens and light 
intensity before. It wasn' t easy but I learned a lot about light energy. 
Many of the teachers reported that exploring science topics at their own pace and 
level of interest enhanced their content knowledge across a wide range of science 
concepts. Betty, Yolanda, and Laurie reported devoting a large amount of time doing 
science-based research on their own to contribute information for their group research 
project. It was clear that the teachers were most invested in researching topics that were 
directly connected to the science curriculum objectives of their grade level. Betty 
commented: 
Answers weren't fed to us. Solutions weren't given to us. We weren't told what to 
do -- the procedures weren't suggested. Our learning involved doing a lot of 
research online and discussion among our group members. I spent a lot of time 
researching different aspects solar energy. I didn't mind the time I put into our 
project because I got to invest my time learning about topics that I was interested 
in bringing into my classroom. 
All of the teachers commented that the process of working through an immersive 
investigation sparked deep science based discussions with their colleagues and instructors 
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of the course that improved their science content knowledge. Some reported that these 
collaborative discussions engaged their interest in learning more about certain science 
topics. For example, Gerri stated, "Having conversations with the instructors about man 
made and natural occurring green house gases, where they come from what they do in the 
atmosphere got me interested in learning more about climate change." 
KIDE #3 "Teachers are engaged in firsthand learning of what they are expected to 
practice in their classrooms-guiding students through inquiry-based science" 
Many of the teachers reported having been hesitant to implement inquiry based 
lessons before attending the immersive professional development program because they 
were unsure about how to teach science content without resorting to teacher telling 
practices. The teachers reported to have benefited the most from experiencing course 
instructors modeling teaching strategies using inquiry-based science. Fran explained: 
I really wanted to learn how to teach using inquiry in my classroom. That was the 
main reason why I took the course [immersion]. I have a lot of content to cover in 
the ih grade and I was not really sure about how to teach it using inquiry. Having 
the experience of the immersion instructors guiding us along by asking questions 
instead of telling us the answer helped me to see how I could do it. Well, anyways 
I try to remember to ask more questions now and tell less. 
All of the case study teachers reported that the technique of Socratic dialogue 
modeled by the instructors had a strong impact on improving their knowledge of science 
content and processes. Louise described the impact of Socratic dialogue on her 
knowledge of electromagnetism and how she translated this learning experience in her 
classroom: 
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XXXX [instructor] asked me what are the different components in your 
experiment? How could you change those different components to make a 
stronger electromagnet? At first it was annoying but I started to realize that it was 
helping me learn. So now as the teacher I keep thinking back to how XXX got me 
to learn science without telling me. Now when a student asks me a question I say 
to myself what do I want that student to learn? And then I try and think of 
questions that will get them thinking about the science and not just tell them the 
answer. 
The three teachers Betty, Harriet and Louise, who attended a prior immersive 
professional development program provided specific examples of their use of Socratic 
questioning to engage students in scientific inquiry at a deeper level. For example, 
Harriet described how she asked students a series of thought provoking questions that led 
to students generating their own means of representing data during an ecology lesson. All 
of these teachers also reported having difficulty fmding the right questions to ask students 
that would engage them in thinking deeper about the science concepts of the lesson. For 
example, Harriet was unable to devise questions that could get her 5th grade students to 
think critically about the positive and negative interactions between the different species 
in a bottle ecosystem. 
Similarly, the other four teachers in the case studies, Fran, Gerri, Laurie, and 
Yolanda, described how they used Socratic dialoging in their classrooms to engage 
students in science learning. Despite their efforts at such Socratic discourse, the 
description of their dialogue with students revealed that their questions were closed and 
focused mainly on the procedures of the inquiry lesson or science content recall. 
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KIDE #4 "Teachers' conceptions about science and teaching change as a result of 
the experience" 
The immersive program was designed to support teachers ' understanding of 
science instruction by modeling inquiry-based methods. In general, teachers referred to 
their involvement in inquiry investigations, group presentations and collaborative 
discussions as positive experiences. All of the teachers reported teaching in ways that 
were a direct reflection of the instructional methods used during the program. Laurie, 
described gains in her ability to engage her students in thinking more deeply about 
motion concepts a result of her active involvement in a inquiry based investigation. 
We're fortunate in the middle school in that we have technology to use with kids 
like [Vernier] Go! MotionTM [motion detector]. My students love making the 
graphs but they always get really confused. And I have to be honest I couldn't 
really explain it to them. Distance versus time, I'm Ok with but velocity versus 
time and I'm lost. During our class [immersion] my partner and I made a ton of 
those graphs with the little carts looking at speed, velocity, and acceleration. I 
learned why acceleration on a position graph is a curved line and a straight line on 
a velocity graph. So when we got to the physics part of my science curriculum 
this year I felt really prepared. 
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Appendix T: Teacher Backgrounds and School Demographics 
Teacher Backgrounds 
T bl 4 1 Ed t' 1 B k d f Part' · t' T h a e uca 10na ac ~groun so lCIPa mg eac ers 
I. Bachelor's Degree 27 100% 
Elementary School 
Teachers 17 100% 
Major 
Science 4 24% 
Biology 4 
Chemistry --
Engineering --
Education 6 35% 
Other 7 41% 
Middle School 
Teachers 10 100% 
Major 
Science 8 80% 
Biology 6 
Chemistry 1 
Engineering 1 
Education 2 20% 
Other --
II. Master's Degree 20 74% 
Elementary School 
Teachers 10 59% 
Major 
Science 0 
Biology 
Chemistry 
Engineering 
Education 8 80% 
Other 2 20% 
Middle School 
Teachers 10 100% 
Major 
Science 2 20% 
Biology 
Chemistry 1 
Engineering 1 
Education 8 80% 
Other -- --
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Table 4.2 Participating Teachers' Field of Licensure 
I. Participating Teachers N % 
Elementary (Licensed) 17117 100% 
Field ofLicensure 
Science 3 18% 
General Science 3 
Education 
Elementary Ed. 10 59% 
Early Childhood 3 17% 
Other (art) 1 6% 
Middle (Licensed) 10110 100% 
Field of Licensure 
Science 9 90% 
Biology 4 
Chemistry 1 
Engineering 1 
Education 0 
Other (SPED) 1 10% 
II. Massachusetts* 
Elementary 
Field of Licensure 
Education 98.5% 
Middle 
Field of Licensure 
Science 97.7% 
www. doe. mass. edu/research/reports/1211 edworliforce. doc p . 22 
149 
REFERENCES 
Abd-El-Khalick, F., & Lederman, N. (2000). Improving science teachers' conceptions of 
the nature of science: A critical review of the literature. International Journal of 
Science Education, 22(7), 665-701. 
Akerson, V., & Hanuscin, D. (2007). Teaching nature of science through inquiry: Results 
of a 3-year professional development program. Journal of Research in Science 
Teaching, 44(5), 653-680. 
Allen, E., Garik, P., Nolan, M.D., Hunt, T., Jariwala, M., Stevens, G., Goldberg, B. 
(2013) An investigation of the impact of an immersive course on K-8 teachers' 
content knowledge using conversational interviews and concept mapping. Poster 
presented at 2013 NARST Annual International Conference, April6-9, Wyndam 
Rio Mar, Rio Grande, Puerto Rico. 
American Association for the Advancement of Science. (1993). Benchmarks for science 
literacy: Project 2061. New York: Oxford University Press. 
American Association for the Advancement of Science. (1989). Science for all 
Americans. New York: Oxford University Press. 
Anderson, R. (2002). Reforming science teaching: What research says about inquiry. 
Journal ofScience Teachers Education, 13(1), 1-12. 
Appleton K. and Kindt 1., (1999), Why teach primary science? Influences on beginning 
teachers' practices. International Journal of Science Education, 21, 155-168. 
Ary, D. , Jacobs, L., Razavich, A., & Sorensen, C.K. (2009). Introduction to research in 
education (8th ed.). Fort Worth, TX: Holt, Rinehart. 
Ashton, P., & Webb, R. (1986). Making a difference: Teachers ' sense of efficacy and 
student achievement. New York: Longman. 
Ball, D. (1996). Teacher Learning and the Mathematics Reforms: What We Think We 
Know and What We Need to Learn. Phi Delta Kappan, Vol. 77 (7), 500-508. 
Bandura, A. (1977). Self-efficacy: Toward a unifying theory ofbehavioral change. 
Psychological Review, 84, 191-215. 
Bandura, A. (1986). Self-efficacy mechanism in human agency. American Psychologist, 
37, 122-147. 
150 
Bandura, A. (1993). Perceived self-efficacy in cognitive development and functioning . 
Educational Psychologist, 28(2), 117-148. 
Banilower, E.R, Heck, D.J, & Weiss, I.R. (2007). Can professional development 
make the vision of the standards a reality? The impact of the national science 
foundation's local systemic change through teacher enhancement initiative. 
Journal of Research in Science Teaching, 44(3), 375-395. 
Banilower, E., Smith, P. , Weiss, 1., Malzahn, K., Campbell, K., & Weis, A. (2013). 
Report of the 2012 national survey of science and mathematics education. Chapel 
Hill, NC: Horizon Research, Inc. 
Bell, R. , Blair, L., Crawford, B., & Lederman, N . (2003). Just do it? Impact of a science 
apprenticeship program on students ' understanding of the nature of science and 
scientific inquiry. Journal of Research in Science Teaching, 40(5), 487- 509. 
Bell, R. , Smetana, L, & Binns, I. (2005). Simplifying inquiry instruction: Assessing the 
inquiry level of classroom activities. Science Teacher, 72(7), 30-33. 
Birman, B., Desimone, L., Porter, A., & Garet, M. (2000). Designing professional 
development that works. Educational Leadership, 57(8), 28-33. 
Blumenfeld, P., Soloway, E., Marx, R., Krajcik, J. , Guzdial, M. , & Palincsar, A. (1991) 
Motivating project-based learning: Sustaining the doing, supporting the learning, 
Educational Psychologist, 26(3,4), 369-398. 
Bobrowsky, W., Marx, R. W. , & Fishman, B. (2001). The empirical base for 
professional development in science education: Moving beyond volunteers. Paper 
presented at the Annual Meeting of the National Association of Research in 
Science Teaching, St. Louis, Missouri. 
Brand, B. & Wilkins, J. (2007). Using self-efficacy as a construct for evaluating 
elementary science and mathematics methods courses. Journal of Science Teacher 
Education, 18(2), 297-317. 
Bransford, J., Brown, A., & Cocking, R. (2000). How people learn: Brain, 
mind, experience, and school. Washington, DC: National Academic Press. 
Budd, D. , VanderHoeven Kraft, K. , Knight, C., Wirth, K., McConnell, D. , Bykerk-
Kauffman, A., Matheney, R., Perkins, D., & Stempien, J., (2010) How much non 
traditional teaching does it take to dramatically improve learning gains in 
introductory physical geology? Geological Society of America Abstracts with 
Programs, v. 42, p. 584. 
151 
Bybee, R., Taylor, J. A., Gardner, A., Van Scotter, P., Carlson, J., Westbrook, A., 
Landes, N. (2006). The BSCS 5E Instructional Model: Origins and Effectiveness. 
Colorado Springs, CO: BSCS. Retrieved: http://www.bscs.org/bscs-5e-
instructional-model. 
Chinn, C., & Malhotra, B.(2002). Epistemologically authentic reasoning in schools: A 
theoretical framework for evaluating inquiry tasks. Science Education, 86, 175-
218. 
Cohen D. , & Crabtree B. (2006). Qualitative Research Guidelines Project. 
http://www.qualres.org/HomeMemb-3696.html 
Cohen, D.K., & Hill, H.C. (2000). Instructional policy and classroom performance: The 
mathematics reform in California. Teachers College Record, 102,294-343. 
Cohen, J. (1960). A coefficient of agreement for nominal scales. Educational and 
· Psychological Measurement 20(1) 37-46. 
Cohen, J. (1992). A power primer. Psychological Bulletin, 112, 155-159. 
Choi, S., & Ramsey, J. (2009). Constructing Elementary Teachers' Beliefs, Attitudes, and 
Practical Knowledge Through an Inquiry-Based Elementary Science Course. 
School Science And Mathematics, I 09(6), 313-324. 
Constible, J., Me Williams, R., Soldo, E., and Lee, R. (2007). An Immersion Professional 
Development Program n Environmental Science for In-service Elementary School 
Teachers. Journal ofGeoscience Education, 54(1), 70-77. 
Crawford, B. A. (2007). Learning to teach science as inquiry in the rough and tumble of 
practice. Journal of Research in Science Teaching, 44( 4 ), 613-642. 
Crawford, B. A. (2000). Embracing the Essence oflnquiry: New Roles for Science 
Teachers. Journal of Research in Science Teaching, 3 7(9), 916 - 913 7. 
Creswell, J. W., & Plano Clark, V. L. (2007). Designing and conducting mixed methods 
research. Thousand Oaks, CA: Sage. 
Darling-Hammond, L. (1997). Doing what matters most: Investing in quality teaching. 
New York: National Commission on Teaching & America's Future. 
Darling-Hammond, L. (2000) Teacher Quality and Student Achievement: A Review of 
State Policy Evidence, Education policy Archives, 8. 
152 
Darling-Hammond L. (2004) Standards, Accountability, and School Reform Teachers 
College Record 106(6), 1047-1085 
Davis, E. & Petish, D. (2005). Real-world applications and instructional representations 
among prospective elementary science teachers. Journal of Science Teacher 
Education, 16, 263-286. 
Davis, E., Petish, D., & Smithey, J. (2006). Challenges new science teachers face. Review 
of Educational Research, 7 6( 4 ), 607-651. 
Desimone, L. (2011). A primer on effective professional development. Phi Delta 
Kappan, 92(6), 68-71. 
Desimone, L. , Porter, A., Garet, M., Yoon, K., & Birman, B. (2002). Effects of 
professional development on teachers' instruction: Results from a three-year 
longitudinal study. Educational Evaluation and Policy Analysis, 24(2), 81-112. 
Fang, Z. (1996). A review of research on teacher beliefs and practice. Educational 
Research, 38, 47-65. 
Fulp (2002). The status of elementary science teaching. Retrieved: http://www.horizon-
research.com/reports/2002/2000survey /elem _sci. php. 
Garet, M.S ., Porter A.C., Desimone, L.F., Birman, B.F., and Yoon, K.S. (2001). What 
makes professional development effective? Results from a national sample of 
teachers. American Educational Research Journal, 38(4), 915-946. 
Gess-Newsome, J. , & Lederman, N. (1995), Biology teachers ' perceptions of subject 
matter structure and its relationship to classroom practice. Journal of Research in 
Science Teaching, 32, 301-325. 
Goldston, M., Bland Day, J., Sundberg, C., & Dantzler, J. (2010) Psychometric analysis 
of a 5E learning cycle lesson plan assessment. International Journal of Science 
and Mathematics Education, 8, 633-648. 
Grigg, J., Kelly, K. , Gamoran, A., & Borman, G. (2013). Effects oftwo inquiry science 
professional development interventions on classroom instruction. Educational 
Evaluation and Policy Analysis, 35, 38-56. 
Guskey, T.R. (1988). Teacher efficacy, self-concept and attitudes toward the 
implementation of instructional innovation. Teaching and Teacher Education, 4, 
63-69. 
153 
Hashweh, M. (1996). Effects of science teachers' epistemological beliefs in teaching. 
Journal of Research in Science Teaching, 33, 47-64. 
Huffman, D., & Thomas, K. (2003). Relationship between professional development, 
teachers' instructional practices, and the achievement of students in science and 
· mathematics. School and Mathematics, 103(8), 378-387. 
Jacobs, C., Martin, S. & Otieno, T.(2008). A Science Lesson Plan Analysis Instrument 
for Formative and Summative Program Evaluation of a Teacher Education 
Program. Science Education, 92(6), 1096-1126. 
Jeanpiene, B., Oberhauser, K., & Freeman, C. (2005). Characteristics of professional 
development that effect change in secondary science teachers' classroom 
practices. Journal of Research in Science Teaching 42, 668-690. 
John Hopkins University School of Education. Retrieved: 
http:/ I education.jhu.edu/ Academics/ certificates/mathematics/index.html 
long, C., Pedulla, J., Regan, E.M., Salomon-Fernandez, Y. , & Cochran-Smith, M. 2010 
Exploring the Link between Reformed Teaching Practices and Pupil Learning in 
Elementary School Mathematics. School Science and Mathematics Journal, 
110(6) p. 309-368. 
Keys, C.W., & Bryan, L.A. (2001). Co-constructing inquiry-based science with teachers: 
Essential research for lasting reform. Journal of Research in Science Teaching, 
38,631-645. 
Kennedy, M. M. (1998). Education reform and subject matter knowledge. Journal of 
Research in Science Teaching, 35(3), 249-263. 
Kennedy, M.M. (1999). Form and substance in mathematics and science professional 
development. NISE brief(vol. 3, no. 2). Madison, WI: University of Wisconsin-
Madison, National Institute for Science Education. 
Khishfe, R., and F. Abd-El-Khalick. (2002). Influence of explicit reflective versus 
implicit inquiry-oriented instruction on sixth graders' views of nature of science. 
Journal of Research in Science Teaching, 39(7), 551-578. 
Kielbom, T., & Gilmer, P. (Eds.) (1999). Meaningful science: Teachers doing inquiry+ 
teaching science. Tallahassee, FL: SERVE. 
Lakshmanan, A., Heath, B., Perlmutter, A., & Elder, M. (2011). The impact of science 
content and professional learning communities on science teaching efficacy and 
standards-based instruction. Journal of Research in Science Teaching, 48, 534-
154 
551. 
Landis, J., and Koch, G. (1977). The measurement of observer agreement for categorical 
data. Biometrics, 33(1), 159-174. 
Lawson, A. , Benford, R., Bloom, I. , Carlson, M. , Falconer, K., Hestenes, D., Judson, E., 
Piburn, M., Sawada, D., Turley, J. & Wyckoff, S. (2002). Evaluating college 
science and mathematic instruction. Journal ofCollege Science Teaching, 31(6), 
388-393. 
Lederman, N.G. (1992). Students' and teachers' conceptions ofthe nature of science: A 
review of the research. Journal of Research in Science Teaching, 26(9), 771-783. 
Lederman, N.G. (1999). Teachers' understanding ofthe nature of science and classroom 
practice: Factors that facilitate or impede the relationship. Journal of Research in 
Science Teaching, 36, 916-929. 
Lederman, N.G., Abd-El-Khalick, F., Bell, R., & Schwartz, R. (2002). Views ofNature 
of Science Questionnaire (VNOS): Toward Valid and Meaningful Assessment of 
Learners' Conceptions of Nature of Science. Journal of Research in Science 
Teaching, 39(6), 497-521. 
Liang, L.; Chen, S; Chen, X; Kaya, O.N.; Adams, A.D. ; Macklin, M; Ebenezer, J. (2009) 
International Journal ofScience and Mathematics Education, 7(5), 987- 1012. 
Lotter, C., Harwood, W.S., Bonner, J. J. (2007) The influence of core teaching 
conceptions on teachers' use of inquiry teaching practices. Journal of Research in 
Science Teaching, 44, 1318-1347. 
Loucks-Horsley, S. , Hewson, P.W., Love, N., & Stiles, K.E. 2003. Designing 
Professional Development for Teachers of Science and Mathematics. 2nd edition. 
Thousand Oaks, CA: Corwin Press. 
Luera, G., Moyer, R., & Everett, S. (2005) What type and level of science content 
knowledge of elementary educations students affect their ability to construct an 
inquiry-based lesson? Journal of Elementary Science Education, 17(1), 12-25. 
Luft, J. A. (2001). Changing inquiry practices and beliefs: The impact of an inquiry-
based professional development program on beginning and experienced 
secondary science teachers. International Journal ofScience Education, 23, 517-
534. 
Macisaac, D., & Falconer, K. (2002). Reforming physics education via RTOP. The 
Physics Teacher, 40(8) , 479-485. 
155 
Massachusetts Department of Elementary and Secondary Education. (20 11 ). Status of the 
Massachusetts Educator Worliforce. Retrieved: 
http://www .doe.mass.edu/research/reports/1211 edworkforce. pdf. 
McLaughlin, M. (2011). Shifts in reform how and what teachers learn. Phi Delta Kappan, 
92(6), 67. 
McMillan, J. & Schumacher, S. (2006). Research in education: Evidence-based inquiry. 
Boston, MA: Pearson Education. 
Mulholland, J., & Wallace, J. (2001). Teacher induction and elementary science teaching: 
enhancing self-efficacy. Teaching and Teacher Education, 17(2), 243-261. 
National Academies Press, 2007. Taking Science to School: Learning and Teaching 
Science in Grades K-8. Washington, DC. 
National Center for Education Statistics. (2004). Qualifications of the public school 
teacher workforce: Prevalence of out-of-field teaching. Schools and Staffing 
Survey, Retrieved: http://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2002603 
National Council of Teachers of Mathematics NCTM, (2000). Principles and standards 
for school mathematics. Reston, VA. Retrieved: 
http:/ /nctm.org/ standards/ contentaspx. 
National Research Council. (1996). National science education standards. Washington, 
D.C.: National Academy Press. 
National Research Council. (2000). Preparing Teachers: Building Evidence for Sound 
Policy. Washington, DC: The National Academies Press. 
National Research Council. (2012). Aframeworkfor K-12 science education: Practices, 
crosscutting concepts, and core ideas. Washington, DC: National Academies 
Press. 
National Research Council, (2013). Next Generation Science Standards. Arlington, VA. 
Retrieved: http://www .nextgenscience .org 
National Research Council. (2000) Inquiry and the national science education standards: 
A guide for teaching and learning. Washington, DC: National Academies Press. 
National Science Foundation. (2006). Investing in America'sfuture: Strategic plan. 
Arlington, VA: Author. 
156 
National Science Teachers Association (NSTA) (1992). Scope, Sequence, and 
Coordination: The Content Core: A Guide to Curriculum Designers. Washington, 
DC: National Science Teachers Association. 
National Science Teachers Association (NSTA). (2004). Science/technology/society: A 
new effort for providing appropriate science for all. Arlington, VA: NST A 
Position Statement. Retrieved: http://www.nsta.org/about/positions 
National Science Teachers Association (NSTA). (2013). The Next Generation Science 
Standards. Arlington, VA. Retrieved: http://www.nsta.org/about/positions 
Nolan, M.D. , Garik, P. , Winrich, C., DeRosa, D. , Duffy, A., Faux, R. , Goldberg, B., 
Konjoian, B., Stevens, G. (2009). The impact of an intensive renewable energy 
course on the science self-efficacy and content knowledge of in-service K -8 
teachers. Paper presented at 2009 NARST Annual International Conference, April 
16-19, Orange County Garden Grove, CA. 
Nolan, M.D. , Garik, P. , Winrich, C., DeRosa, D., Duffy, A., Faux, R. , Goldberg, B. , 
Jariwala, M. , Konjoian B., Stevens, G. (20 1 0). Content, self-Efficacy, and nature 
of science gains from irnrnersive science courses for K-8 teachers. Paper 
presented at the 2010 NARST Annual International Conference, March 21-24, 
Philadelphia, P A. 
Nolan, M.D., Garik, P., Winrich, C. , DeRosa, D., Duffy, A., Jariwala, M. , Gross, N. , 
Faux, R., Goldberg, B. , Konjoian, B., Stevens, G. (2011). Impact of an immersion 
course on K -8 in-service teachers ' understanding of implementing reformed 
teaching practices. Paper presented at the 2011 NARST Annual International 
Conference, April 3-6, Caribe Royale Orlando, FL. 
Nolan, M.D., Garik, P. , Allen, E. , Winrich, C. DeRosa, D. , Duffy, A. , Jariwala, M. , 
Gross, N., Faux, R., B., Stevens, G. , Goldberg, B. (2012). The impact of an 
immersion course on in-Service K-8 teachers implementation of reformed 
teaching practices in the classroom. Paper presented at the 2012 NARST 
Conference March 25-28, Indianapolis, IN. 
Nunnally, J. C. (1978). Psychometric Theory. McGraw-Hill Book Company, pp. 86-113 , 
190-255. 
Patton, M.Q. (2002). Qualitative research & evaluation methods 3'd edition. Sage 
Publishers. 
Penuel, W., Fishman, B., Yamaguchi, R. , & Gallagher, L. (2007). What makes 
professional development effective? Strategies that foster curriculum 
implementation, American Educational Research Journal, 44(4), 921-958. 
157 
Piburn, M. , Sawada, D., Falconer, K., Turley, J. Benford, R., Bloom, I. (2000). Reformed 
Teaching Observation Protocol (RTOP). Reference manual. ACEPT technical 
report no. IN00-3. Retrieved: 
http:/ /PhysicsEd.BuffaloState.Edu/ AZTEC/rtop/RTOP _full/PDF/. 
Pomeroy, D. (1993). Implications of teachers' beliefs about the nature of science: 
Comparison of the beliefs of scientists, secondary science teachers, and 
elementary teachers. Science Education, 77, 261-278. 
Porter, A. (2002). Measuring the content of instruction: Uses in research and practice. 
Educational Researcher, 31(7), 3- 14. 
Porter, A. C. , Garet, M.S. , Desimone, L. M. , & Birman, B. F. (2003). Providing effective 
professional development: Lessons from the Eisenhower Program. Science 
Educator 12(1), 23-40. 
Rice, D. (2005). I didn't know oxygen could boil! What preservice and inservice 
elementary teachers' answers to 'simple ' science questions reveals about their 
subject matter knowledge. International Journal of Science Education, 2 7(9), 
1059-1082. 
Richmond, G., & Kurth, L. (1999). Moving from outside to inside: High school students ' 
use of apprenticeships as vehicles for entering the culture and practice of science. 
Journal of Research in Science Teaching, 36, 677-697. 
Riggs, I.M. & Enochs, J.G. (1990). Toward the development of an elementary teacher' s 
science teaching belief instrument. Science Education, 7 4( 6), 625-63 7. 
Roberts, J. , Henson, R. , Tharp, B., and Moreno, N. (2001). An examination of change in 
teacher self-efficacy beliefs in science education based on durations of inservice 
activities. Journal ofScience Teacher Education, 12(3), 199-213. 
Roehrig, G., & Kruse, R. (2005). The role of teachers ' beliefs and knowledge in the 
adoption of a reform-based curriculum. School Science and Mathematics, 105, 
412-422. 
Roehrig, G. , & Luft, J. (2004). Constraints experienced by beginning secondary science 
teachers in implementing scientific inquiry lessons. International Journal of 
Science Education, 26, 3 - 24. 
Ross, J. , & Bruce, C. (2007). Professional Development Effects on Teacher Efficacy: 
Results of Randomized Field Trial. Journal Of Educational Research, 1 OJ (1 ), 50-
60. 
158 
Roth, K. J., Druker, S., Garnier, H., Lemmens, M., Chen, C., Kawanaka, T., Rasmussen, 
D., Trubacova, S., Okamoto, Y., Gonzales, P., Stigler, J., & Gallimore, R. (2006). 
Highlights from the TIMSS 1999 video study of eighth-grade science teaching 
(NCES 2006-017). U.S. Department of Education, National Center for Education 
Statistics. Washington, DC: U.S. Government Printing Office. 
Rushton, G. T., Lotter, C., & Singer, J. (2011). Chemistry Teachers' Emerging Expertise 
in Inquiry Teaching: The Effect of a Professional Development Model on Beliefs 
and Practice. Journal ofScience Teacher Education, 22(1), 23-52. 
Santos, J., 1999. Cronbach's alpha: A tool for assessing the reliability of scales. Journal 
of Extension, 37(2) 34-36. 
Sawada, D., Piburn, M., Judson, E., Turley, J., Falconer, K. , Benford, R. & Bloom, I. 
(2002). Measuring reform practices in science and mathematics classrooms: The 
Reformed Teaching Observation Protocol. School Science and Mathematics, 
1 02(6), 245-253. 
Schwartz, R. , Schwarz, C., & Gwekwerere, Y. (2007). Using a guided inquiry and 
modeling instructional framework (EIMA) to support pre service K-8 science 
teaching. Science Education, 91(1), 158-186. 
Schwartz, R. , Lederman, N., & Crawford, B. (2004). Developing views of nature of 
science in an authentic context: An explicit approach to bridging the gap between 
nature of science and scientific inquiry. Science Education, 88(4), 610-645. 
Schwartz, R., & Lederman, N. (2002). "It's the nature of the beast": The influence of 
knowledge and intentions on learning and teaching of nature of science. Journal 
of Research in Science Teaching, 39(3), 205-236. 
Shapiro, B. (1996). A case study of change in elementary student teachers thinking 
during an independent investigation in science: learning about the "face of science 
that does not yet know". Science Education, 80(5), 535-560. 
Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. 
Educational Researcher, 15(2), 4-14. 
Steele, D. F. (2001). The interfacing ofpreservice and inservice experiences of reform 
based teaching: A longitudinal study. Journal of Mathematics Teacher Education 
4, 139-172. 
Stein, M. K. , & Wang, M. C. (1988). Teacher development and school improvement: The 
process of teacher change. Teaching and Teacher Education, 4, 171-187. 
159 
Stem, L. & Ahlgren, A. (2002). Analysis of students' assessments in middle school 
curriculum materials: Aiming precisely at benchmarks and standards. Journal of 
Research in Science Teaching, 39(9), 889-910. 
Supovitz, J.A. & Turner, H.M. (2000). The effects of professional development on 
science teaching practices and classroom culture. Journal of Research in Science 
Teaching, 37, 963-980. 
Swars, S., & Dooley, C. M. (2010). Changes in teaching efficacy during a professional 
development school-based science methods course. School Science and 
Mathematics Journal, 11 0(8), 193-201. 
Tschannen-Moran, M., Woolfolk Hoy, A., & Hoy, W. K. (1998). Teacher efficacy: Its 
meaning and measure. Review of Educational Research, 68 (2), 202-24. 
Trumball, D. J., Bonney, R., & Grudens-Schuck, N. (2005). Developing materials to 
promote inquiry: Lessons learned. Science Education, 89(6), 879-900. 
VanDriel, J. H., Beijaard, D., & Verloop, N. (2001). Professional development and 
reform in science education: The role of teachers' practical knowledge. Journal of 
Research in Science Teaching, 38 (2), 137-158. 
Wallace, C. S., & Kang, N. (2004). An investigation of experienced secondary science 
teachers' beliefs about inquiry: An examination of competing belief sets. Journal 
of Research in Science Teaching, 41, 936-960. 
Wallace, C. S., & Louden, W. (1992). Science teaching and teachers' knowledge: 
Prospects for reform of elementary classrooms. Science Education, 76, 507- 521. 
Wayne, A. J., Yoon, K. S., Zhu, P., Cronen, S., & Garet, M.S. (2008). Experimenting 
with teacher professional development: Motives and methods. Educational 
Researcher, 37(8), 469--479. 
Wee, B., Shepardson, D., Fast, J., & Harbor, J. (2007). Teaching and learning about 
inquiry: Insights and challenges in professional development. Journal of Science 
Teacher Education, 18(1), 63-89. 
Weiss, C.C.& Knipes, L. (2006). Reexamining Middle School Effects: A comparison of 
middle grade students in middle schools and K -8 schools. American Journal of 
Education, 112, 239-272. 
Weiss, I.R., Banilower, E.R., McMahon, K.C., & Smith, P.S. (2001). Report of the 2000 
national survey of science and mathematics education. Chapel Hill, NC: Horizon 
Research. 
160 
Weiss,I.R., Pasley, J.D., Smith, P.S., Banilower, E.R., Heck, D.J. (2003). Looking inside 
the classroom: A study of K-12 mathematics and science education in the United 
States. Chapel Hill, NC: Horizon Research, Inc., 2003. 
Wenglinsky, H. (2002). How schools matter: The link between teacher classroom 
practices and student academic performance. Education Policy Analysis Archives, 
1 0(2). Retrieved: http :I I epaa.asu.edu/ epaa/v 1 On 12/. 
Windschitl, M. (2002). Inquiry projects in science teacher education: What can 
investigative experiences reveal about teacher thinking and eventual classroom 
practice? Science Education, 87, 112-143. 
Yacoubian, H., and BouJaoude, S. (20 1 0). The effect of reflective discussions following 
inquiry-based laboratory activities on students' views of nature of science. 
Journal of Research in Science Teaching, 47(10), 1229-1252. 
Y errick, R., Parke, H. and Nugent, J. (1997). Struggling to promote deeply rooted 
change: the 'filtering effect' ofteachers' beliefs on understanding 
transformational views ofteaching science. Science Education, 81(2), 137- 159. 
Yin, R.K. (2009). Case study research: Design and methods, Thousand Oaks, CA: Sage 
Publications. 
Yoon, K., Duncan, T., Lee, S., Scarloss, B., & Shapley, K. (2007). Reviewing the 
evidence on how teacher professional development affects student achievement 
(Issues & Answers Report, REL 2007-No. 033). Washington, DC: U.S. 
Department ofEducation, Institute of Education Sciences, National Center for 
Education Evaluation and Regional Assistance, Regional Educational Laboratory 
Southwest. Retrieved: http:/ /ies.ed.gov/ncee/edlabs 
U.S. Department of Education, Office of the Under Secretary. (2000). Does professional 
development change teaching practice? Results from a three-year study. 
Retrieved: http :I /www .ed.gov /rschstat/eval/teaching/ edpdp/report. pdf 
Zeldin, A. L., & Pajares, F. (2000). Against the odds: Self-efficacy beliefs of women in 
mathematical, scientific, and technological careers. American Educational 
Research Journal, 37, 215-246. 
Zohar, A., Degani, A., & Vaakin, E. (2001). Teachers' beliefs about low-achieving 
students and higher-order thinking. Teaching and Teacher Education, 17, 469-
485. 
161 
CURRICULUM VITAE 
Education 
Doctorate of Education, Curriculum and Teaching May 2014. 
Masters of Education in Science Teaching 1981 
University of Massachusetts 
Bachelor of Science, Biology and Psychology 
Licensure 
9-12 Professional Status Physics Teacher in Massachusetts 
9-12 Professional Status Biology Teacher in Massachusetts 
National Board Science Teacher 
